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The  instructional  design  for  this  course  is  self-paced  and/or  small  group  paced.  This' 
course  trains  personnel  to  perform  duties  as  an  Aircraft  Environmental  Systems  Mechanic. 
It  includes  organizational  and  field  maintenance  of  aircraft  pressurizatiofa,  air  conditioning, 
and  air  starter  systems,  and  life  raft  inflation  equipment* 

,  Block  I    -    Fundamentals  contains  24  lessohs  requiring  115  hours  of  instruction. 

These  are:    safety;  aircraft  familiarization;  physics;  electron  cheory; 
magnetism;  DC  generation  and  ba^ic  circuit  symbols  and  terms;  wiring 
diagram  fundamentals;  control  andv  protective  devices;  multimeter ;^Kirchoff 'S^ 
current  law;  Kirchoff's  voltage  law;  Ohm's  law;  series  circuity  parallel 
circuits;  series-parallel  circuits;  switching. circuits;  DC  motors  and 
control  circuit;  temperature  control  circuits;  alternating  current;  ^ 
capacitance;  inductance;  AC  motors  and  control  circuits;  solid  state 
devices;  magnetic  amplifiers;  and  trainer  aircraft  air  conditioning  system* 

Block  I"       -    Air  Conditioning  Systems  consists  of  8  lessons  convering  124  hours  of 
instruction.    These  are:  fighter  cabin  air  conditioning  system;  rain 
removal  system;  equipment  air  conditioning  system;  temperature  control 
system  tester;  bomber  air  conditioning  system;  decade  resistor  functions  and 
windshieM  amplifier  bench  check;  oa^gp  bleed  air  and  anti-icing  system; 
and  cargo  air  conditioning  system. 

Block  III      -    Aircraft  Environmental  Systems  Units  contains  13  lessons  covering  102 

hours  of  instruction.    These  are  the  following:  tools,  hardware,  safetying 
devices,  and  wire  repair;  maintenance  of  moisture  separators;  maintenance 
of  bleed  air  distribution  ducting;  air  turbine  motor   maintenance;  turbine 
refrigeration  devices;  advanced  fighter/bomber  air  source  control  system; 
advanced  fighter /bomber  air  conditioning  system;  advanced  fighter/bomber 
windshield  clearing  system;  maintenance  of  air  control  units;  anti-G 
suit  system;  canopy  seal  system;  pressurization  systems;  and  cabin  pressure 
leakage  check. 

Block  IV       -    Utility  Systems  and  Flight  Line  Maintenance  consists  of  9  lessons  requiring 
1J4.5  hours  of  instruction.    These  lessons  are  entitled:  gaseous  O2  systems; 
liquid  O2  systems;  liquid  refrigeration  systems  and  components;  inspection 
maintenance  of  O2  systems  (liquid);  cryotainer  systems  maintenance;  lifer^ft 
inflation  equipment,  fire  extinguisher  system  maintenance;  flight  line 
maintenance  -  inspections;  and  flight  line  maintenance;  removal  and 
replacement  of  system  components. 

This  course  contains  both  teacher  and  student  materials.    Printed  instructor  materials  . 
include  plans  of  instruction  detailing  training  equipment  needed,  training  methods, 
multiple  instructor  requirements  and  instructional  guidance.    The  student  material 
includes  workbook,  and  programmed  texts  with  review  exercises.    A  bibliography  and 
glossary  of  terms  have  been  provided  to  aid  both  the  instructor  and  the  student. 
In  Blocks  I  and  III,  lessons  on  Orientation,  Security,  Progression  in  Career  Field, 
Maintenance  Management,  and  the  Technical  Order    Publications  Systems  have  been 
deleted  because  of  military  specific  materials. 
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FOREWORD 


This programmed  text  was  prepared  for  use  in/the  3ABR42334 
Instructional  System.    It  was  validated  using  30  /students  in  the 
^ABR42334  fcmrse.    At  least  80%  of  the  students  Achieved  tfie  objec- 
tives "as  stated.    The  average  time  Required  to  cdmplete  the  texc  is 
4.3  hours,  ^-^\ 

-v  OBJECTIVES  ' 


r 


1.   ,  Match  the  tool  shown  in  the  sketch  with  the  name  of  the  itein, 
in  the  list  of  tools  given  with  80Z  accuracy. 

2f      Match  each  tool  given  with  the  correct  statement  of '  ijts 
purpose ,  care  or  use,  with  8CZ  accuracy.  *  / 

.    "  '  INSTRUCTIONS 

Thia  text  is  presented  in  small  steps  called  frames.    After  each 
frame  you  will  select  correct  statements,  match  names,  and/or  numbers 
to-  the  description  and/or  use  of  maintenance  tools.    Compare  your 
answer  with  the  correct  one  found  at  the  Bottom  of  the  following  fvama< 
If  your  answer  is  correct,  go  to.^the  next  frame.    II  your  answer  is 
wrong,  read  the  frrfme  again  *nd  See  hQW  the  correct  response  toas 
derived.    R£AD  C£BEfUI£Y  AND  DO  NOT  ,HUIR£! 

This  text  is  divided  into  six  sections'. 


Section  I 

Page 

3 

Frames  .1  through  14 

f. 

Section  *II 

Page 

Frames  j!5  through  30 

Section  III 

Page 

40 

Frarne^  3l  through  40 

Section  iy* 
Section^ 

P^ge 
Page 

52  ' 
83.* 

Frames  41  through  63 
Frames  64  through  84 

Section  VI 

Page 

105 

Frame  85 

Turn  to  frame  1  and  begin. 
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Section  I 
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I 

When  we  mention  tpols  we  Wy  think  of  several  general  types  and 
uses  for  tools*    This N is  why  several  tools  will  be  found  In  ybur  tool 
box*    Each  Is  designed  for  a  special  purpose*    The  tools  Included  In 
most  toolkits  are  described  in  this  text*  -J 

Handtools  are  the  mechanic's  best  friend,  he  is  helpless  without 
them*    Regardless  of  the  type  of  job  a  mechanic  is  assigned,  W  must 
choose  the  right  tool  and  be  sure  to  use  it  correctly.    Without  a 
thorough  knowledge  of  the  right  way  to  use  tools,  the  mechanic  wastes 
time,  cuts  down  his  efficiency,  and  may  Injure  himself*  Mechanic's 
tools  are  designed  very  carefully  to  do  a  job*    Tools  must  be  used 
properly  if  they  are  to  be  as  effective's  the  manufacturer  intended. 
Many  people  think  that  tools  can  stand  aU  kinds  of  punishment.  Any 
mechanic  who  has  this  opinion  is  inviting^a  lot  of  grief  and  possible 
injury.  7  '         f        J-  ' 

///////////No^Response  Required///*/ //////// 


r 


12 


/t53 

Fraae  2 


Hamaers  are  tools  used  to  strike,  drive,  pound,  etc.  Hammers 
are  made  up  of  a  heed  and  a  handle*    7***  head  la  ^»de  up  of  one  or 
sore  faces  which  may  be  round,  square,  or  rectangular  and  concave, 
flat  or  convex.    The  head  has  a  hole  which  Is  usually  oval-shaped 
and  bell -mouthed  at  each  end.    The  shape  of  the  eye  makes  it  easy 
to  put  in  and  clamp  the  handle  to  the  head. 

Bach  hanoer  has  its  own  special  use.    The  good  mechanic  learns 
to  select  the  correct  hammer  for  the  particular  work  at  hand. 


PLASTIC 


BALL  PEEN 
♦ 


Match  the  hamners  above  to  the  nomenclatures  below: 
_  1.    Hammer,  hand,  machinist,   tall  peen,  1  lb. 


2.    Hammer,  hand,  face  diameter  1  1/2  inch,  screw- in  inserted 
face,  plastic,  1  1/4  lb. 


1  Q 
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Frame  3 

Hammers  are  generally  classified  as  "hard  face"  banners  and 
"soft  face"  hammers.  Hard  face  hawners  are  made  of  steel*  Soft 
face  hammers  have  a  face  made  of  material  softer  than  steel,  for 
example:    lead,  pi  3 tic,  rubber,  wood  or  brass* 

Hammers  are  further  classified  according  to  the  weight  of  the 
head  (without  the  handle)  and  they  range  from  four  ounces  to  20 
pounds  In  size* 

Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F) 

  1.      Hammer  sire  Is  determined  by  the  weight  of  the  hamner  head. 

  2.      Soft  face  hammers  are  made  of  sceel. 

  3*      Hare*  fare  hammers  are  made  of  such  materials  as  lead, 

plastic  or  rubber. 


Answers  to  Frame  2:      1.    b     2.  a 
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Frame  4 

One  of  the  better  known  hard  face  banners  Is  the  ball  peen 
hasner.    The  name  of  this  banner  cane  from  the  ball-shaped  end  which 
la  used  to  peen  (expand  or  stretch)  metal.    The  ball-peen  banner  is 
frequently  used  to  expand  the  end  of  a  rivet  in  a  hole  or  for  forming 
gaskets.    The  flat-faced  end  of  the  hammer  is  used  for  tapping  *  punch 
or  s  chisel  or  for  other  rough  work. 

Ball-peen  banners  come  in  different  sizes  (weight) .    The  size 
of  these  hammers  is  given  in  weigh*,  of  the  head  in  ounces.    The  most 
commonly  used  banner  is  a  12-ounce  banner.    Although  six  to  eight 
ounce  hammers,  for  light  work,  and  16  to  32  ounce  banners,  for  heavy 
work,  are  available.    The  type  of  work  that  you  do  should  determine 
which  weight  banner  you  will  use. 

Check  (/)  the  true  statements  below. 

1.  The  flat-faced  end  of  the  ball-peen  hammer  is  used  when 
riveting. 

2.  Ball-peen  banners  are  used  where  steel  hammers  may  mar 
the  work. 

3.  The  weight  of  the  head  determines  the  size  of  the  hammer. 


Answers  to  Frame  3:    1.    T     2.    JF     3.  F 
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Frame  5 


Soft-faced  hammers  are  used  to  form  soft  metals  or  to  drive 
dose-fitting  parts  together*    The  soft  material  on  the  face  of  these 
hammers  can  be  damaged  easily*    Therefore,  soft-faced  hammers  should 
not  be  used  for  rough  work  such  as  driving  a  punch,  nails  or  bolts* 

Mallets  are  also  available  in  your  shop*    The  only  difference  in 
a  mallet  and  a  soft-faced  hammer  is  that  the  entire  head  of  a  mallet 
is  made  up  of  rubber,  brass,  or  plastic*    However,  only  the  face  of  a 
soft-faced  hammer  is  made  up  of  these  materials* 

1*     Match  each  of  the  hammers  in  column  B  with  the  proper  use  in 
column  A* 


Column  A 


Column  B 


1. 


Used  fo*  forming  gaskets 
and  other  light  work* 


Mallet 


b. 


Ball-peen  banner 


2. 


The  entire  head  is  composed 
of  rawhide  to  prevent 
injury. 


c. 


Soft-faced  hammer 


3-_i 


Brass-faced  hammer  used 
where  stftel  hammer  may  mar 
the  work. 


Answers  to  Frame  4:  1. 


2. 


3. 
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frame  6 


Practice  is  the  only  way  that  you  will  learn  to  use  a  hammer 
properly.    However,  the  correct  grip  is  an  aid  to  a  hammers  right 
use. 

The  handle  should  be  held  near  the  end  with  the  fingers  under- 
neath and  the  thumb  along  the  top  or  side.    The  thumb  should  always 
rest  cn  the  handle  Itself,  never  on  top  of  the  fingers.     The  grip 
shoulc  be  tight  enough  to  control  the  blow.    The  blow  is  delivered 
so  the  face  of  the  hammer  is  parallel  to  tne  work  being  struck. 

A  blow  off  the  side  of  the  object  being  struck  is  usually 
caused  by  grease  or  oil  on  the  face  of  the  head.    Should  this 
happen,  the  face  should  be  wiped  off  with  a  rag  and  then  rubbed 
briskly  with  coarse  sandpaper  or  emery  cloth. 


1.  Study  the  illustration  above,  then  answer  the  questions  below. 

a.      The  correct  way  to  hold  and  deliver  a  blow  with  a  hanmer 
is  shown  by  drawing  . 

2.  Check  (/)  the  true  statements  below. 

a.  While  using  a  hammer,  always  hold  it  near  the  end  of  the 
handle. 

b.  When  delivering  a  blow  with  a  hanmer,  the  thumb  must  rest 
~      "        on  top  of  the  fingers. 

c.  The  face  of  the  hammer  must  squarely  meet  the  object  being 
struck. 


Answers  to  Frame  5:      1,  b       2,  a       3.  c 
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Frame  7 


Probably  most  accidents  with  hammers  are  caused  by  loose  hammer 
heads,  sweaty  hands,  or  oily  or  greasy  handles.  The  user  should  pay 
close  attention  *o  these  dangers  when  using  a  hammer. 

Never  use  a  hammer  with  a  loose  head  or  a  cracked  handle,  as 
this  Is  dangerous  to  both  the  material  being  worked  on  and  to  other 
pe  *onnel.    A  loose  head  can  be  tightened  by  driving  the  wedge, 
found  In  the  end  of  the  handle.  In,  flush  with  the  head.    If  the 
head  starts  to  work  off  the  end  of  the  handle,  It  can  be  set  back  In 
the  proper  position  by  striking  the  butt  end  of  the  hafidle  against  a- 
solid  object.    After  '.he  head  has  been  moved  back  to  Its  correct 
position,  It  should  be  tightened  by  driving  the  wedge  Into  the 
handle  In  the  eye  of  the  head.    If  any  defects  are  noticed,  It 
should  be  repaired  or  turned  In  for  a  serviceable  hamner. 

Check  (/)  the  true4 statements  below. 

 1.      A  cracked  hammer  handle  should  be  glued, or  taped  before 


2.  If  you  can't  repair  a  hamner,  you  should  turn  it  In  for 
a  serviceable  one, 

3.  A  loose  hammer  head  can  be  set  back  by  striking  the  butt 
end  of  the  handle  against  a  solid  object. 


using. 


Answers  to  Frame  6: 


1.  a. 


B 


2.  a. 


✓ 


b. 


.9 
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Frame  8 


Screwdrivers  are  grouped  by  the  types  of  points  they  have. 
The  screwdrivers  points  are:    cotanon,  crosspolnt,  and  clutchhead. 
Sfrudy  the  Illustrations  below,  "of  the  four  screwdrivers,  and  read 
their  description. 

The  offset  screwdriver  has  a 
sharp  bend  at  each  end.    It  has  f/U 
flat  tips  or  crosspolnts. 


You  should  be  familiar  with 
the  common  screwdriver  -  It  has 
a  flat  tip. 

The  clutchhead  screwdriver 
?  stands  alone  in  that  It  does 
not  look  like  any  other  type. 


The  crosspolnt  screwdriver 
family  Includes  both  the  Phillips, 
and  the  Reed  &  Prince  types. 


© 


Match  the  items  shown  above  with  the  nomenclature  b?low: 

  1.      Screwdriver,  flat  tip,  3/8-inch  wide  tip,  6-inch  long  blade. 

 2.      Screwdriver,  crosspolnt,  6-inci*  long  blade. 

  3.     Screwdriver,  flat  tip,  offset,  A  1/2-inch  log. 

  4.     Screwdriver,  clutchhead,  6-inch  long  blade. 


Answers  to  Frame  7s       1.   _   2.    /       3.  / 
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Frame  9 


A  common  screwdriver  is  sometimes  called  a  flat  tip  screwdriver. 
This  is  because  the  working  edge  of  the  blade  is  ground  flat  and 
straight  and  not  a  sharp  edge  like  a  knife  or  chisel  blade.  The 
conmon  screwdriver,  shown  below,  has  a  steel  shank  set  in  a  handle 
of  wood  or  plastic. 

The  else  of  all  screwdrivers  is  the  combined  length  (in  inches) 
of  the  blade  and  shank.    Can  you  name  the  parts  of  the  drawing  below? 
Part  D  is  the  shank.    It  is  steel  and  usually  round  in  shape.  However, 
some  heavy  duty  screwdrivers  may  have  a  square  shank.    Part  C  of  the 
illustration  is'  thu  blade.    The  blade  is  the  working  part  of  the 
screwdriver.    The  blade  is  ground  flat  and  straight  for  the  best 
possible  contact.    Part  B  of  the  illustration  is  the  handle  which  is 
made  of  wood,  plastic,  or  othsr  nonconductor  of  electricity. 


1.     Match  the  items  lettered  in  the  drawing  above  with  the  statements 
listed  below; 

  1.  Shank 

  2m  Handle 

  3.  Blade 

4.      Dimension  used  to  determine  the  specified  length  of  a 
screwdriver. 


Answers  to  Frame  8;      1.  B 


2.      D       3.      A       4.  C 
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Frame  10 


The  crosspoint  screwdrivers,  shown  in  the  illustration  below, 
are  made  to  fit  a  specific  screw  or  bolt.    The  Reed  and  Prince 
crosspoint  tip  should  be  used  only  on  a  Reed  and  Prince  screw. 
The  Phillips  screwdriver  is  designed  for  use  with  only  a  Phillips 
screw.    Look  at  the  difference  in  the  shapes  of  thti  points  and 
flutes  (rounded  grooves)  •    Use  of  the  wrong  size  or  type  of 
crosspoint  screwdriver  will  result  in  damaged  screwheads  and 
unnecessary  loss  of  man-hours  in  replacing  them* 


A.  REED  A  PRINCE  TYPE  B.  PHILLIPS  TYPE 


Mark  the  following  statements  true  (T)  or  false  (F). 

1.  When  removing  an  AGE  unit  inspection  plate,  it  is  best  to 
— ~~        observe  the  exact  fit  of  the  crosspoint  screwdriver  and 

change  tp  the  correct  type  as  required. 

2.  The  Reed,,  and  Prince  screwdriver  has  a  sharper  point  than 
"        the  Phillips  type. 

3.  The  size  of  the  screwdriver  is  determined  by  the  length 
~~        of  the  shank  and  blade. 

4.  The  phillips  screwdriver  can  be  used  on  a  Reed  and  Prince 
screwhead. 


Answers  to  Frame  9:      1.    1.  JL    2*  -JL    3*  JL-   4*  -A_ 
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*  Frame  H 

Some  equipment,  especially  assembly  line  made  goods,  .dse  clutch- 
head  screws.    Their  design  is  similar  to  a  figure  eight  (see  illustra- 
tion).   This  type  of  screwhead  is  used  because  the*  screw  can  be  easily 
put  in  with  power  tools  and  not  strip  the  screwhead*    A  clutchhead  screw- 
driver must  be  used  to  put  in  or  take  out  clutchhead  screws. "  Otherwise, 
damage  tt>  the  screwhead  will  occur.  * 


1.     Check  (/)  the  true  statements  below.  > 

9  * 

 1»    If  the  shank  of  a  clutchhead  screwdriver  is  ten  inches 

long  and  its  handle  Is  four  inches  long,  it  is  a  ten 
inch  screwdriver. 

  2.    The  clutchhead  screwdriver  has  a  sharply  pointed  tip. 

  3.    The  clutchhead  screwdriver  tip  resembles  a  figure  eight. 


\ 


Answers  to  Frame  10:    1.    T     2.    T     3.    T     4.  F 
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Frame  12 


The  offset  screwdriver  ia  used  to  put  int  take  out,  or  adjust 
screws  which  cannot  be  reached  By  other  screwdrivers.     (See  illustra- 
tion below).    Offset  screwdrivers  come  with  a  crosspoint  for  Reed  and 
Prince  and  Phillips  screwheads  or  flat  tips  for  common  and  slotted 
screwheVds.    Each  end  of  the  flat  tip  offset  screwdriver  has  a  blade 
bent  at  a  right  angle  (90  degree)  to  the  shank.    The  working  edge  of 
one  blade  is  parallel  to  the  shank;  the  other  is  set  at  a  90  degree 
angle  to  the  shank.    By  alternating  the  use  of  the  blades,  a  screw  * 
can  be  tightened  or  loosened  with  very  little  movement.    This  feature 
makes  this  tool  indispensable  in  tight  corners  where  other  types  of 
screwdrivers  will  not  enter. 


1.      Check  (/)  the  true  statements  below. 

  1.    An  offset  screwdriver  has  a  tip  like  any  other  screwdriver, 

except  that  it  has  a  sharp  bend  at  each  erfd. 

  2.    The  two  tips  on  an  offset  screwdriver  are^for  use  on 

different  sized  screwheads. 

  3*    An  offset  screwdriver  may  be  used  in  a  limited  access 

area  where  a  longer  screwdriver  cannot  be  used. 


Answers  to  Frame  11:       1.      /        2.    3.  / 


FraM  14 

Test  your  knowledge  of  the  previous  frames  by  answering  the 
following  questions,    if  you  miss  any,  go  back  and  review  the 
appropriate  frame. 


1.  This  hand tool  is  called  a 

a.  mallet.  ^ 

b.  sledge  hamtaer. 

c.  ball  peen  hammer. 

d.  plastic  hammer. 

2.  Ha       flfcise  Ip  determined  by  the 

a.  length  of  the  handle. 

b.  diameter  of  the  face. 

c.  weight  of  the  hammer  head. 

d.  weight  of  the  haraaEr  head  and  handle  combined. 

3.  Soft  face  hammers  have  a  face  made  of 

a.  lead. 

b.  brass. 

c.  plastic. 

d.  any  of  the  above. 

4.  When  delivering  a  blow  with  a  hammer,  hold  the  hammer 

a.  with  your  thumb  resting  on  top  of  the  fingers.  / 

b.  near  the  end  of  the  handle. 

c.  so  the    see  will  strike  the  object  at  an  angle. 

d.  wherever  it  feels  most  comfortable  to  the  user. 


FraM  14 

Test  your  knowledge  of  the  previous  frames  by  answering  the 
following  questions,    if  you  miss  any,  go  back  and  review  the 
appropriate  frame. 


1.  This  hand tool  is  called  a 

a.  mallet.  ^ 

b.  sledge  hamtaer. 

c.  ball  peen  hammer. 

d.  plastic  hammer. 

2.  Ha       flfcise  Ip  determined  by  the 

a.  length  of  the  handle. 

b.  diameter  of  the  face. 

c.  weight  of  the  hammer  head. 

d.  weight  of  the  haraaEr  head  and  handle  combined. 

3.  Soft  face  hammers  have  a  face  made  of 

a.  lead. 

b.  brass. 

c.  plastic. 

d.  any  of  the  above. 

4.  When  delivering  a  blow  with  a  hammer,  hold  the  hammer 

a.  with  your  thumb  resting  on  top  of  the  fingers.  / 

b.  near  the  end  of  the  handle. 

c.  so  the    see  will  strike  the  object  at  an  angle. 

d.  wherever  it  feels  most  comfortable  to  the  user. 


Frame  14  Continued 


What  type  of  screwdriver  is  used  for  the  above  screwhead? 

a.  Offset  flat  tip  screwdriver. 

b.  Cros3point  screwdriver. 

c.  Common  screwdriver. 

d.  Clutchhead  .screwdriver. 


What  type  of  screwdriver  is  used  for  the  above  screwhead? 

a.  '  Offset  crosspoint  screwdriver. 

b.  v   Crosspoint  screwdriver. 

c.  Comson  screwdriver. 

d.  Clutchhead  screwdriver. 


What  type  of  screwdriver  is  used  for  the  above  screwhead? 

a.  Offset  flat  tip  screwdriver. 

b.  Crosspoint  screwdriver*  . 

c.  Cotomon  screwdriver. 

d.  Clutchhead  screwdriver. 

What  type  of  screwdriver  is  best  used  in  tight  quarters? 

a.  Offset  screwdriver,  ' 

b.  Crosspoint  screwdriver. 

c.  Comnon  screwdriver. 

> 

d.  Clutchhead  screwdriver. 


Frame  14  Continued 
size  of  a  screwdriver  is  determined  by  the 
size  of  the  blade, 
size  of  the  handle, 
length  of  the  screwdriver, 
combined  length  of  the  blade  and  the  shank. 

HI 

A        0       C  0 

10.    Which  of  the  above  illustrations  shows  the  correct  size  of 
screwdrivers  to  use? 

a.  B  and  C 

b.  A  and  D 

c.  A  and  B 

d.  C  and  D 


Jl.    What  tool  is  pictured  above? 

a.  Flat  tip  screwdriver. 

b.  Cross tip  sc*«K  driver. 

c.  Crosstip  offset  screwdriver. 

d.  Offset  flat  tip  screwdriver. 
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9.  The 
a. 

b. 
c. 
d. 


V 


frame  14 


Frame  1A  Continued 


 1 

12.    What  tool  is  pictured  above? 

a.  Crosstip  (Phillips)  screwdriver. 

b.  Crosstip  (Reed  and  Prince)  screwdriver. 

c.  Crosstip  offset  screwdriver. 

d.  Common  screwdriver. 


Answers  to  Frame  13:       1.      /       2.      /       3.      /  A. 
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Frame  15 


Section  II 


A  file  is  a  precisely  made  tool  of  hardened  steel.    You  use  it 
to  cuff,  smooth,  or  remove  small  parts  of  metal.    Files  have  a 
cutting  edge  across  the  face.    Some  files  have  a  cutting  edge  on 
both  the  face  and  the  edge.    The  names  of  the  parts  of  a  file  are 
shown  in  the  drawing  below. 


POINT 


HEEL 


File  size  is  its  length,  in  inches,  from  the  point  to  the  heel, 
NOTE:  Never  use  a  file  without  a  handle  as  the  tang  could  be  driven 
into  your  hand. 

Match  the  lettered  itenu  in  the  drawings  with  the  statements  below. 


1.  File  length 

2.  File  tang 

3.  File  edge 


4.  File  face 

5.  File  heel 


Answers  to  Frame  14: 

Question  No     Answer     Review  Frame 

1.  c  2 

2.  c  4 

3.  d  3 

4.  b  6 

5.  b  10 

6.  c  9 

2u 


Question  No       Answer     Review  Frame 
7.  d  U 

J.-  -  a   12 

9.  d   9 

10.  d   13 

U.  -d   12 

12.  b   10 

2'J 
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Frame  16 

Files  come  in  a  number  of  shapes  so  that  you  will  have  a  tool  for 
every  Job.    Soae  cross-section  views  of  file  snapes  are  shown  ih  the 
illustration  below. 


□  AO 

SQUARE  TRIANGULAR  ROUNO 


HALF-ROUND  MILL  FLAT 


Files  of  different  shapes  are  given  specific  names.    Each  file  is 
also  designed  for  a  specific  purpose.    A  flat  file  (illustration  A)  is 
used  to  file  a  flat  surface  or  edge.    A  round  file  (illustration  B) 
sometimes  known  as  a  ratutil  file,  is  used  to  enlarge  a  round  hc?e. 
A  taper  file  (illustration  C)  is  used  for  various  filing  operations* 
such  as  sharpening  saw  blades  or  filing  small  parts.    A  half-round 
(illustration  D)  may  be  used  on  a  flat  or  concave  (follow  and  curved) 
surface  or  edge. 


1.     Hatch  the  items  illustrated  above  with  the  nomenclature  given 
below. 

 1.    File,  hand,  round,  3-inch  (rattail  file). 

  2.    File,  hand,  half-round,  8-inch. 


3.    File,  hand,  flat,  10-inch# 


4.    File,  hand,  taper,  8-inch. 
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Franc  16  Continue^ 

2.     Check  </)  the  true  statements  below. 

  1,    You  should  use  a  taper  file  for  enlarging  a  round  hole. 

2.    A  half-round  file  should  be  used  for  filing  a  concave  hole. 

  3.    Use  a  flat  file  for  removing  a  small  amount  of  metal  on  a 

straight  flat  edge. 

  4.    The  tang  is  the  file  handle. 


Answers  to  Frame  15:      1.    A       2.     E       3.     C       4.     B       5.  D 
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Frame  17 


Th*  cut  of  a  file  refers  to  both  kind  and  coarseness  of  the  teeth. 
The  kind  of  teeth  refers  to  hew  the  cutting  teeth  are  aligned.  ^Files 
have  either  a ingle-cut  or  double-cut  teeth.    Single-cut  files  have  rows 
of  teeth  cut  parallel  to  each  other. 

Double-cut  files  have1  criss-cross  rows  of  teeth.  The  single-c  it 
files  are  for  fine,  detailed  work.  The  double-cut  files  are  used  for 
quick  removal  of  metal  and  for  rough  work. 


c 


Single-Cut  Double-Cut 

The  coarseness  of  cut  for  a  file  is  determined  by  the  'spacing 
(distance  between  the  teeth)  and  si*e  of  the  teeth.  Three  classes 
of  tile  coarseness  are  shown  in  the  drawings  below. 


WW. 


Baatard 


ft  ft 

'  +///.'  r. 


Second  Cut 


Hatch  the  cut  of  a  file  in  column  B  to  the  proper  description  listed 
in  column  A  by  placing  the  letter  in  the  space  provided. 


Column  A 

1.  Rows  of  teeth  parallel  to 
each  other 

2.  Rows  of  teeth  that  criss- 
cross each  other 

3.  A  file  with  teeth  cut  deep 
and  far  apart 

4.  A  file  with  teeth  cut 
shallow  and  close  together. 


Column  B 

a.  double-cut  file 

b.  smooth  grade  file 

c.  single-cut  file 

d.  bastard  grade  file 

e.  rasp-cut  file 


Answers  to  Frame  16: 


1.  l.J£_ 
3.  ✓ 


2.  D     3.  A     4.  C 


2.  1. 


2.  / 
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Frame  IS 

The  file  picked  for  any  kind  of  job  depends  on  the  material  being 
worked  and  the  finish  desired.    For  soft  materials  use  a  coarse  file. 
For  hard  materials  use  a  fine  file.    For  a  very  accurate  finish  use 
a  very  smooth  file.    For  rough  work  use  a  coarse  file. 

k  file  should  never  be  used  without  a  handle*  Without  a  handle 
it  is  not  only  hard  to  control  but  it  is  also  likely  to  pierce  your 
hand.    The  handle  should  be  tight  on  the  tang  of  the  file. 

The  handle  of  a  file  shcrid  be  held  (by  a  right  handed  person) 
In  the  right  hand  with  the  fingers  underneath  and  the  thumb  on  top. 
The  left  hand  should  grip  the  point  of  the  file  between  the  palm 
and  fingers.    This  will  give  you  tht  greatest  control  of  the  file. 
For  very  accurate  finishes,  the  thumb  and  fingers  of  the  left  hand 
should  rest  on  top  of  or  lightly  grip  the  point  of  the  file.  This 
is  shown  in  the  Illustration. 


k  file  should  never  be  used  on  a  material  harder  than  Itself,  or 
on  scaly  materials.    This  will  break  the  feeth  and  make  the  file  useless. 

Mark  the  following  statements  true  (T)  or  false  (F). 

 1.     A  right  handed  filer  should  hold  the  handle  of  the  file  in 

his  right  hand  with  the  fingers  on  the  top  and  the  thumb  on 
die  heel. 

  2.     For  accurate  finishes,  the  thumb  and  fingers  of  the  left  hand 

should  rest  on  top  of  the  file  or  lightly  grip  the  point  of 
the  file. 

  3.     A  left  handed  filar  should  hold  the  handle  of  the  file  in  his 

left  hand  with  his  fingers  underneath  and  the  thumb  on  top  of 
the  handle. 


Answers  to  Frame  17i     1.  _C_   2.  jk_   3.  _D_   A.  B 
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Frame  19 


The  way  you  use  e  file  varies  with  the  work  to  be  done  and  the 
type  of  file  to  be  used.    However,  the  general  procedure  is  as  follows: 
Use  a  smooth,  fim  forward  stroke  to  "cut"  the  material  being  filed. 
Use  only  enough  pressure  to  keep  the  file  cutting.    DO  NOT  drag  the 
file  during  the  return  stroke  or  the  teeth  may  be  dulled. 

Not  enough  pressure  on  the  forward  stroke  will  cause  the  file 
teeth  to  slip  over  the  work,  resulting  in  dulled  file  teeth.  Too 
much  pressure  will  overload  the  file  teeth,  causing  the  cut  to  be 
irregular. 


1,     Answer  each  of  the  following  statements  as  true  (T)  or  false  (F). 

 1.      The  procedure  for  using  a  file  is  the  sane  for  every  job. 

  2.      The  teeth  of  a  file  can  be  dulled  if  the  file  is  used  improperly. 

  3#      The  procedure  for  using  a  file  jls  not  the  same  for  every  job. 


 A.      In  order  for  the  file  to  cut  the  material,  a  lot  of  pressure 

must  be  applied. 

2.     Match  the  improper  use  of  a  file  (column  A)  to  the  condition  it 
will  cause  (column  B). 

Column  A  Column  B 
  1.      Insufficient  pressure                     a.      irregular  cut 


2.      Excessive  pressure  b.     dulled  teeth 

c.     broken  file 


Answers  to  Frame  18:       1.    F   -  2.    T     3.  JT 
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Frame  20 

When  you  use  a  file  you  will  get  small  chips  or  filings.  Filings 
often  wedge  between  the  file  teeth  and  reduce  the  cutting  action. 
Clean  a  file  by  brushing  it  with  a  wire  brush,  called  a  file  card 
(see  figure  below) •    Push  the  file  card  in  a  direction  parallel  with 
the  :ile  teeth.    The  reverse  side  of  the  file  card  contains  a  fiber 
brush.    It  is  used  for  brushing  the  file  after  carding.    A  metal 
pick  may  be  removed  from  the  handle  of  the  file  card.    The  pick  aids 
in  removing  metal  filings  that  cannot  be  removed  otherwise.  After 
cleaning  a  file  it  should  be  wrapped  in  cloth  or  paper  and  placed  in 
your  toolkit.    Wrapping  protects  the  teeth. 


HUSH 


SHUSHING 


Mm 


Frame  21 


Hacksaws ,  used  for  cutting  metal,  have  either  adjustable  frames 
or  solid  frames.    Adjustable  frames  can  be  changed  to  hold  blades  from 
eight  to  sixteen  Inches  In  length.    Solid  frames,  although  more  rigid, 
will  take  only  the  blade  length  for  which  they  are  made.    The  length 
is  the  distance  between  the  two  pins  which  hold  the  blade  lp  place. 
These  pins  can  be  adjusted  within  tb*  frame  to  hold  the  blade  parallel 
to  ot  at  right  angles  to  the  frame.    Tofmake  a  cut  deeper  than  the  frame 
will  permit,  the  blade  is  turned  sideways  (at  right  angles  to  the  frame). 
All  frames,  either  solid  or  adjustable,  have  adjustment  screws  for 
drawing  the  blade  tight. 

1.     Hatch  the  items  lettered  in  the  drawing  on  the  right  with  the 
"parts  of  the  hacksaw  as  listed  qn  the  left. 

1.  Frame 


2.  Handle 

3.  Blade 


Answers  to  Frame  20:     1.  1.  /        2.  / 
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Frame  22 

The  drawings  below  show  the  way  to  pick  saw  blades  that  are  the 
most  suitable  for  a  job.    Study  the  drawings  carefully  and  then  answer 
each  of  the  following  statements  as  being  either  true  (T)  or  false  (F), 


TEETH  XOOjSMAU-  TEETH 

NO  QV  TOO  COARSI- 

QEARANCE-r-  STRADMCS 
TEETH  aOC  WOK 
WRONG 


COAtSI  TEETH—   TWO  OR  MORE 
AMftE  CHIf  TEETH  ON 

CLEARANCE  METAL 

RIGHT 


6 


Ik* 


2. 


3. 


Hacksaw  blades  are  available  with  different  numbers  of  teeth 
per  inch. 

When  cutting  thin  materials  with  a  hacksaw  a  large  toothed 
hacksaw  blade  should  be  used. 

When  cutting  large  stock  with  a  ha -'.saw  a  small  toothed  hack- 
saw blade  should  be  used. 


Answers  to  Frame  21:    1.    1.  B     2.  C     3.  A 


Frame  23 


The  drawing  below, shows  the  righ.  way  to  mount  a  blade  in  the 
frame. 


When  you  use  the  hacksaw,  always  apply  pressure  on  the  forward 
stroke.  This  is  necessary  because  the  cutting  teeth  of  the  hacksaw 
blade  point  forward;  The  teeth  do  not  cut  on  the  back  sttoke;  thus 
you  should  not  apply  pressure  on  the  back  stroke. 


Answer  each  of  the  following  statements  as  either  true  (T)  or  false  (F). 

 1.     When  using  a  hacksaw,  pressure  is  applied  to  the  saw  on  the 

forward  stroke  only. 

 2.     Hacksaw  blades  are  replaceable. 

 3.     Some  hacksaw  frames  are  adjustable  for  different  blade  lengths 


A.      Hacksaw  blades  are  installed  In  the  frame  with  the  teeth 
pointing  backward  (toward  the  handle). 


Answers  to  Frame  22:      1.  T     2.  F     3.  F 
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Frame  24 


The  use  of  a  hacksaw  is  ouch  like  the  use  of  a  file.  The 
work  should  be  held  rigid*    The  cutting  stroke  should  be  as  long  as 
possible.    There  should  not  be  over  60  strokes  per  minute.  Pressure 
should  be  applied  on  the  forward  stroke  only. 

The  blade  should  be  kept  straight  and  in  line  with  the  cut,  other- 
wise the  blade  may  be-  cramped  and  broken.    When  the  work  is  nearly  cut 
through,  the  pressure  on  the  saw  should  be  taken,  off.    This  stops  the 
teeth  from  catching.    Special  care  is  needed  toward  the  end  of  a  cut 
through  thin  material.    When  cutting  very  thin  stock,  it  is  wise 
to  clamp  the  wotk  between  two  pieces  of  wood  and  saw  through  all  three 
pieces.    This  prevents  chattering  and  possible  damage  to  the  work. 

The  chief  danger  when  using  the  hacksaws  is  injury  to  the  hand, 
should  the  blade  break*  and  they  do  break.    The  blade^will  break  ££  the 
user  bears  down  too  hard  on  the  cut  or  does  not  push  the  saw  in  a 
straight  line.    If  the  work  is  not  held  tight  in  a  vise  it  nAy  slip, 
twisting  the  blade  enough  to  break  it. 


RIGHT 


TOO  GREAT  FORCE  BREAKS  BLADE 


coitici  roict  it '.ot  cuts 

ON  fOn  STtOKt  ONLY 


Check  (/)  the  true  statements  below. 

 1.      The  cutting  stroke  should  be  as  short  as  possible. 

  2.      Most  of  the  force  you  exert  on  a  hacksaw  should  be  downward. 

3.      The  greatest  danger,  when  using  a  hacksaw,  is  when  the  blade 
breaks. 


Answers  to  Frame  23:      1.  T      2.  T      3.  T     A.  F 
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Fram*,  25 

The  cofd  chisel  gets  its  name  from  the  fact  that  it  can  be  used 
to  cut  "cold"  metal  (without  first  softening  the  metal  by  heating). 
Chisels  are  made  in  a  variety  of  shapes,  suited  for  different  types 
of  work.    The  figure  below  shows  three  types  of  chisels. 


mo 


1#      Hatch  the  item  below  with  the  correct  nomenclature. 

1.      Chisel,  cold,  hand,  3/4-inch  wide  cut,  7  inches  long. 

  2.     Chisel,  cape,  hand,  3/8-inch  wide  cut. 

3.      Chisel,  diamond  point,  hand. 


Answers  to  Frame  24:  1. 


2. 


3.  / 
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Match  each  chisel  In  Column  fi  vlth  the  correct  use  In  Column  A. 
Column  A  Column  B 


1,      To  cut  narrow 

grooves  in  metal. 


2.  To  cut  "V" 
grooves  In 
metal. 


3.      To  cut  the 
heads  off 
rivets. 


m 


s8 


Of 


^    Diamond  point 
chlse? . 


B    Flat  chisel, 
(cold) 


C    Cape  chisel. 


Answers  tc  Frame  25:    1.  1.  C     2,  B     3.  A 
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Frame  27 

Hawaering  on  a  chisel  *ay  cause  its  head  to  be  mushroomed  (see 
figure  below).    A  chisel  in  this  shape  should  not  be  used.    The  bent- 
over  edges  may  break  off  and  hurt  you. 

The  chisel  at  the  left  is  badly  mushroomed.    The  one  in  the  center 
is  slightly  nu8hroomed.    Both  chisels  should  be  dressed  until  they  are 
in  the  condition  shown  at  the  right. 


1. 


Answer  the  ^following  statement  as  being  either  true  (T)  or  *alse  (F). 

 1.     A  chisel  with  a  mushroomed  head  should  be  dressed  on  a  grinding 

wheel  to  remove  all  cracks  and  rolled  over  edges. 

2.      Match  each  chisel  in  column  B  with  the  correct  use  in  column  A. 


Column  A 

1.  Used  to  cut  off  rivet  heads, 
cut  sheet  metal ,  and  to  split 
nuts. 

2.  Used  for  cutting  narrow 
grooves  in  metal. 

3.  Used  for  cutting  "V"  grooves 
and  squaring  corners  in  metal. 


Colunu  B 

a.  Flat  chisel 

b.  Cape  chisel 

c.  Diamond  point  chty&l 


Answers  to  Frame  26:     1.  C     2.  A     3.  B 
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Frame  28 


Punches  are  made  of  the  same  material  and  need  the  same  care  as 
do  cold  chisels.  The  work  for  which  they  are  best  suited  depends  on 
their  shape.  The  Illustrations  and  descriptions  show  three  types  of 
punches. 

The  center  punch  has  a  The  pin  punch  has  a  The  drift  punch  has  a 
sharp  "pointed"  end.         straight  point.  tapered  point. 

©  ®  © 

1.     Match  the  Items  illustrated  above  with  the  nomenclature  listed 
below: 

  1*     Punch,  center,  solid,  3/8-inch  diameter. 

  2.     Punch,  drive  pin,  straight  point,  1  1/2-inch  long, 

5/32-inch  diameter. 

  3.     Punch,  drift,  taper  1  1/2-inch  long. 


Answers  to  Frame  27:      1.  L  T 

2.  l._A_    2._B_   3,  C 
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Frame  29  Continued 


2.     Match  each  tool  in  column  B  with  the  proper  use  in  column  A. 


Column  A 

1.  For  driving  bolts  or  rivets 
out  of  holes. 

2.  For  marking  the  location  of 
holes  to  be  drilled  in 
metal. 

3.  To  align  bolt  holes  of 
parts  for  assembly. 

4.  For  cutting  "V"  grooves 
in  metal. 

5.  For  cvttlng  narrow  grooves 
in  metal. 

6.  For  cutting  the  heads  off 
rivets  and  for  splitting  nut* 


Column  B 

A.  Pin  punch 

B.  Flat  chisel 

C.  Drift  punch 

D.  Diamond  point  chisel 

E*  Center  punch 

F.  Cape  chisel 

F.  Cape  chisel 


Answeru  to  Frame  28:      1.  1.  A     2.  B     3.  C 


36 

41 


Fran*  30 


If  you  nias  any  of  tha  following  queetione,  go  back  and  review 
tha  appropriate  frame. 

1.     The  part  of  the  file  used  when  filing  ia  called  the 

a.  file  heel.  c.    file  face. 

b.  file  tang.  d.    file  point. 


2.  The  above  pictured  Mia  ia  called  a 

a.  half-round  file.        c.    taper  file. 

b.  rattail  file.  d.    flat  file. 

3.  Tha  file  beat  auited  for  aharpening  a  aw  bladea  ia  called  a 

a.  taper  file.  c.    round  file. 

b.  rattail  file.  d.    half-round  file. 

4.  Rove  of  teeth  on  a  file  that  criss-cross  each  other  are  called  a 

a.  baatard  grade  file.    c.    single-cut  file. 

b.  smooth  grade  file.     d.    double-cut  file, 

5.  A  file  ia  properly  uaed  when 

a.  only  alight  presaure  ia  applied  on  the  forward  stroke. 

b.  even  pressure  ia  applied  on  both,  the  forward  and  backward 
strokes. 

c.  a  smooth,  fira9  forward  atroke  ia  uaed. 

d.  a  lot  of  preeaure  ia  applied  on  the  forward  stroke,  slight 
preaaure  ia  applied  on  the  return  atroke. 
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ft  mm  30  Continued 


9. 


ft.     Th«  above  illustration  reprasanta 

a.  an  adjustable  hacksaw. 

b.  a  solid  fraae  hacksaw. 

c.  a  jig  saw. 

d.  a  band  saw. 

7.     Tha  tooth  points  on  a  hacksaw  b  lads  nust 

a.  ba  coarse  anough  to  atraddla  tha  work. 

b.  ba  vary  snail  in  ordar  to  claar  tha  chlpa  away, 
faca  backwards  9  towards  tha  handla. 
faca  forwards,  towarda  tha  tip  of  tha  saw. 

3A» 


c. 
d. 


Tha  above  chisal  la  call ad  a 

a.  caps  chisal.  c.  diamond  point  chisel. 

b.  cold  cnisel.  d.  drift  chisal. 

To  cut  a  "VM  groove  in  metal,  you  use  a 

a*     hacksaw.  c.  diamond  point  chisel. 

b.     flat  chisal.  d.  chdssls  chisel. 


10.    The  above  tool  is  called  a 

a.  drift  punch.  c.     canter  punch. 

b.  pin  punch.  d.      chaaala  punch. 
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Frame  30  Continued 


e 


11.  The  above  tool  is  called  e 

a.  drift  punch.  c.     center  punch. 

b.  pin  punch.  d.     chassis  punch. 

12.  To  nark  the  locations  of  holes  to  be  drilled,  you  use  a 

a.  pin  punch.  c.     center  punch. 

b.  drift  punch.  d.     chassis  punch. 

13.  To  drive  rivets  or  bolts  out  of  holes,  you  use  a 

a.  pin  punch.  c.     center  punch. 

b.  drift  punch.  d.     chassis  punch. 

14.  Chisels  and  punches  that  have  become  mushroomed  rhould  be 

a.  used.  c.     turned  in  for  a  new  one. 

b.  thrown  away.  d.     dressed  on  a  grinding  wheel. 


Answer*  to  Fran*  29:    1.  1.  B     2.  A     3.  C 

2.  1.  A     2.  K     3.  C 


4.  D     5.  F     6.  B 
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Frame  31 


Section  III 


Filers  can  be  defined  ea  tools  designed  to  hold  parts.    They  are 
made  up  of  two  plecea  of  steel  pivoted  off  center.    The  application  of 
ereaaure  to  the  enda  fartheat  from  the  pivot  point  will  yield  consi- 
derably more  pressure  at  the  end  near  the  pivot  point.    Each  of  the 
different  typea  of  pllera  available  In  the  shop  are  made  for  one 
specific  use.    They  should  not  be  used  es  hammers  or  to  remove  and 
Insert  nuta  and  bolta. 

NQ  RESPONSE  REQUIRED 


Answers  to  Frame  30: 

question  Ho        Answer     Review  Frame     Quea|lon  No      Answer     Review  Frame 


1. 
2. 
3. 
4. 
5. 
6. 
7. 


C 
B 
A 
D 
C 
A 
D 


15 
16 
16 
17 
19 
21 
23 


8. 

9. 
10. 
11. 
12. 
13. 
14. 


B 
C 
B 
A 
C 
A 
D 


25 
26 
28 
28 
29 
29 
27 
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Frame  32 


JAW  SERRATIONS 


These  are  known  as  combination  pliers.    They  have  been  called 
"gas"  or  "common"  pliers  in  the  p*st.    Combination  pliers  are  used 
to  hold  or  bend  small  pieces  of  metal  to  the  shape  desired.  Combination 
pliers  have  a  slip  joint  that  ml  low    the  jaws  to  be  adjusted.  This 
makes  it  possible  to  adfoet-the  combination  pliers  so  that  they  can  be 
used  to  grip  different  sized  objects. 

Combination  pliers  may  be  used  for  many  general  operations  but 
must  never  be  used  on  nut  and  boltheads.    To  do  so  may  damage  the  nut 
or  bolt,  and  may  damage  the  pilar  jaw  serrations.    Pliers  usually  mar 
the  surface  of  any  material,  so  be  careful  when  using  the  tools. 


YES  NO 


Check  (  /  )  the  trie  s.  itement(s)  below, 

  1.     Combination  pliers  can  be  adjusted  to  fit  various  size  objects. 

 2.     Combination  pliers  may  be  used  to  loosen  a  nut,  provided  you 

are  careful.  | 

  3.     Plier  jaw  serrations  are  sharp,  and  may  damage  material  on 

which  they  are  used. 
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Frame  33 


The  pliers  shown  above  are  called  chain  long  nose  pliers.    They  are 
corneal y  r<        *d  to  as  needle-nose  pliers.    These  pliers  are  used  to 
told  trt11      .    i  reach  into  spots  where  the  hand  canrt  get;  make 
fine  adjua%~-ents;  and  to  form  loops  in  electrical  wire.    The  pliers 
may  have  various  lengths  of  Jaws  and  the  Jaws  may  be  either  round  or 
half-round  as  shown  in  the  drawings. 


Round 
long  nose 
pilars 


Jaws 


Half-round 
long  nose 
plisrs 


Jaws 


Check  (  /  )  th^txma  statement  (a)  below. 

 1.     Needle- nose  pliers  have  a  J a^ that  forms  to  a  point. 

  2.     All  long-nose  pliers  have  half-round  Jawa. 

  3.     Needle-nose  pliers  have  elip-Jointe  lor  si2e  adjustments, 

  4.     Long-nose  pliers  are  frequently  used  to  form  loops  in 

'  electrical  wire. 


Answers  to  Frame  32:     1.  jt_ 


2. 


3.  ✓ 


ERLC 
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Frame  34 


A  pair  of  duckbill  pliers  are  shown  above.    They  are  used  almost 
exclusively  when  you  are  working  with  safety  wire.    The  pliers  have 
jaws  that  are  long  and  flat,  as  shown  in  the  drawing  below. 


Check  (  /  )  the  true  stateiaent(s)  below. 

 1.     Duckbill  pliers  have  round  Jaws. 

  2.     Duckbill  pliers  have  a  squared  Jaw  tip. 

  3.     Duckbill  pliers  have  the  sane  Jaws  as  needle-nose  pliers. 

 4.     Duckbill  pliers  are  commonly  used  when  working  with  safety 

wire. 


Answers  to  Frame  33s     1.    /        2.    3.    4.  _/ 


Frame  35 


Tht  pilars  shown  abovt  are  diagonal  cutting  pliers  or  more 
>nly  known  as  "dykes"*    The  jaws  have  cutting  edges  used  to 
cut  safety  wire,  small  electrical  conductors  or  to  remove  cotter 
pins* 


Jews 


Cutting  edges 


Diagonal  cutters  are  only  used  to  cut  small  size  wire.  These 
pilars  can  ba  easily  damaged  and  should  not  be  used  to  cut  nails  or 
similar  objects*    The  wire  to  ba  cut  should.be  placed  as  close  to  the 
pivot  of  the  cutting  Jaws  aa  poaalble  and  Aot  at  the  points.  This 
reduces  the  tendency  to  spring  the  Jaws  apart.   Once  the  jaws  are 
spread  apart  It  la  hard  to  cut  small-sized  wire.    When  using 
diagonal  cutters*  the  inside  of  the  cutting  Jaws  should  be  pointed 
away  from  the  user's  face  to  prevent/ injury  from  flying  clippings. 

Chfck  (  /  )  the  true  statement(a)  below. 

"        1.     Diagonal  cutting  pliers  are  also  referred  to  as  dykes. 

;  -  2.     When  using  diagonal  cutters,  cut  with^  the  tip  or  point  of 
the  jaws. 

* 

 3.     >  common  hazard  la  flying  objects  when  using  diagonal 

cutters  incorrectly. 

 4.      Duckbill  pliers  and  diagonal  cutting  pliers  are  cotnnonly 

used  when  working  with  safety  wire. 

5.     Diagonal  cutting  pliers  are  used  to  cut  small  wlrea. 


Answers  to  Frame  34:     1.  2.    /        3.  4.  / 
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Frame  36 


The  pliers  shown  above  are  technically  known  as  water  pump 
packing  nut  pliers.    They  were  given  this  name  because  of  the  purpose 
they  were  first  designed  to  serve;  tightening  the  nut  compressing 
the  packing  material  around  the  .water  pump  drive  shaft  on  very  early 
model  cars*    Nov  ve  call , then  just  water  pump  pliers, 

"hey  are  adjustable  so  as  to  grip  large  or  small  objects.  Their 
long  handles  mak*-jrtfssible  a  very  strong  grip.    Their  straight  jaws 
give  only  two  points  of  contact  when  used  on  large  round  objects. 
Because  of  this,  they  are  likely  to  slip. 

The  slip  joint  feature  of  the  water  pump  pliers  makes  them 
adjustable,  so  that  different  sizes  of  materials  can  be  handled 
with  them. 


Check  (  /  )  the  true  statement(s)  below. 

  1.      Water  pump  pliers  are  adjustable  in  size. 

  2.     Water  pump  pliers  grip  large  objects  firmly  because  the  Jaw 

teeth  provide  complete  contact  around  the  object  to  be  gripped 

  3.     The  long  handles  on  the  water  pump  pliers  allow  for  a  more. 

powerful  grip. 


Answers  to  Frame  35:      1.   J_     2,    3.   /_     4.   5.   
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CONDUIT  flllM 


The  pliers  shown  above  are  known  as  conduit  pliers,  Sometlaes, 
they  call  the»  cannon  plug  pliers.    If  you  compare  tha  wattr  puap 
pilars  with  tha  conduit  pliers,  they  are  almost  tha  sane.  There 
are  two  aeia  differences.    Tha  conduit  pliers  allow  for  a  touch  larger 
grip.   See  how  tha  Jawa  are  curved.    Alio,  tha  teeth  of  the  Jawa 
will  grip  tha  object  f inly.    See  how  tha  jaw  teeth  go  all  tha  way 
to  tha  pivot  point  of  tha  Jaw*    The  teeth  of  tha  conduit  pliers  thus 
give  contact  all  tha  way  around  tha  object  to  be  gripped.  Conduit, 
pliers  are  used  to  loosen  or  tighten  electrical  conduit  nuts  or 
connections  and  cannon  plugs. 


Check  (  /  )  the  true  atatenent(s)  below. 

 1.  Conduit  pliera  hevt  a  slip  Joint. 

 2.  Conduit  pilar*  allow  for  a  largo  grip* 

 3.  Conduit  pliara  ara  identical/ to  water  pump  pliera. 

  4.     Conduit  pliara  have  teeth  around  the  ooaplete  gripping 

aurface  of  tha  jawa. 


Anevera  to  Fr 


36:     1.  / 


2. 


3.  / 


t 


46 


54 


Pram*  38 
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The  last  pliers  we  want  you  to  know  is  the  wrench  pliers,  shown 
below. 


-/^JUSTING  NUT 


ADJUSTABLE    "  LOCK.NG  HANDLE 

JAWS 


This  tool  is  commonly  known  as  vise  grips,  for  it  is  a  combination 
of  a  wrench,  a  plier,  and  a  vise.    The  adjustable  jaws  can  be  set  by 
turning  the  adjusting  nut  at  the  end  of  one  handle.    When  adjusted 
and  the  locking  handle  dra^n  into  the  locked  position,  it  is  like 
having  the  work  locked  in  a  vise. 

Tou  must  take  care  not  to  use  this  tool  on  any  machined  surface 
that  could  be  marred  by  the  teeth  of  the  vise  jaws.    The  jaws  can  and 
will  mark  the  surface  of  the  material  on  which  it  is  clamped. 

This  tool  is  handy  for  removing  broken  bolts  .when  part  of  the 
bolt  is  "till  projecting. 

1       Check  (/)  the  true  statement (s)  below. 

  1.    Wrench  pliers  hold  the  work  like  vise  grips. 

  2.    Wrench  pliers  have  a  slip  Joint  for  size  adjustment, 

  3.    The  locking  handle  must  be  drawn  in  the  locked  position 

for  the  work  to  be  locked  in  the  jaws. 


Answers  to  Frame  37:    1.      /      2.  »  /      3.  4.  / 
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Fllerfeare  aadt  In  a  wide  range  of  sizes  so  not  to  overstrain 
and  perhaps  break  something*    Judgment  must  be  used  to  pick  pliers 
heavy  end  large  enough  for  the  job  at  hand*    Do  not  use  pliers  as 
wrenches  to  tighten  or  loosen  nuts*    Pliers  will  damage  the  flats 
or  round  off  the  corners  of  nuts  or  bolts* 

0 

When  cutting  wire  which  is  springy  or  under  tension,  caution 
must  be  used*    The  wire  will  try  to  whip*    To  stop  this,  one  ei<d 
of  the  wire  should  be  held  securely  and  your  body  turned  or 
shielded  from  the  loose  end*  | 

There  is  a  common  tendency  among  inexperienced  mechanics  to  use 
pliers  as  all-purpose  tools.    The  pliers  are  intended  to  aid  the 
mechanic  vh«n  installing  and  removing  safety  wire  and  cotter  pins;  to 
hold  those  macerials  which  the  hand  alone  Is  not  strong  enough  to  hold; 
and  to  hold  materials  which  are  hot,  such  as  connections  being  soldered. 


Check  (  /  )  the  true  statement (s)  below. 


1.  Pliers  take  the  place  of  a  wrench,  if  no  wrench  is  handy. 

2.  Pliers  can  be  considered  as  an  all-purpose  tool. 

3.  You  must  use  Judgement  when  selecting  pliers. 


Answers  to  Frame  38:      1.  1.  2.  _     3.  j/ 
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Frame  40 


Answer  the  following  questions  concerning  pliers.    After  checking 
the  answers  at  the  end  of  the  next  frame ,  and  If  you  missed  any 
questions ,  review  the  appropriate  frames. 


1.      The  above  pliers  are  referred  to  as 

a.  water  pump  pliers.  c.    combination  pliers. 

b.  conduit  pliers.  d.    wrench  pliers. 


2.      The  above  pliers  are  referred  to  as 

a.    duckbill  pliers.  c.    combination  pliers. 


b.    needle-nose  pliers. 


d.    conduit  pliers. 


3.      The  above  pliers  are  referred  to  as 

a.  needle-nose  pliers.  c.    combination  pliers. 

b.  long-nose  pliers.  d.    duckbill  pliers. 
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Frame  40  Cont'd 
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*.     The  above  pliers  are  often  referred  to  as 

a.  dykes.  c.    vise  grips. 

b.  combination  pliers.  d.    wrench  pliers. 


5.     The  above  pliers  are  often  referred  to  as 

a.  conduit  pliers.  c.    water  pump  pliers, 

b.  cannon  plug  pliers.  d.    wrench  pliers. 


e 


6.  The  above  pliers  arc  often  referred  to  as 

a.  wrench  pliers.  c.    conduit  pliers. 

b.  combination  pliers.  d.    water  pump  pliers. 

7.  Combination  pliers  are  commonly  used  to 

turn  •  nut.  c.    bend  a  piece  of  metal. 

t>.    cut  a  wire.  d.    tighten  a  bolt. 
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Frame  40  Continued 
8.     To  for*  loops  In  electrical  wire,  you  would  use 

a.  duckbill  pliers*  c.    wrench  pliers. 

b.  dykes.  d.    needle-nose  pliers. 


9.      Dykes  are  commonly  used  to 

a.  bend  a  piece  of  metal. 

b.  cut  a  small  wire. 


c.  turn  a  bolt. 

d.  hold  a  pipe. 


10.    To  loosen  a  cannon  plug,  you  would  use 

a.    water  pump  pliers*  c.    wrench  pliers. 

b*    conduit  pliers.  d.    combination  pliers* 


* 


Section  IV 


Frame  41 

Socket  seta,  ae  ehown  in  the  illustration,  am  made  up  of 
different  comb inat lone  of  handle* ,  adapters,  unlvaraal  joints,  and 
sockats •    Vhara  applicabla  and  practical,  a  aockat  wrench  is  tha  baft 
\     tool  for  removing    nuta  and  bolts.    Thay  should  ba  tha  mechanics 
first  choica  of  wrenchea.    However,  whan  reassembling  parts  of  an 
aircraft  or  angina,  tha  aockat  wranch  should  ba  usad  with  caution. 


Answer  aach  of  tha  following  statements  as  aithar  true  (T)  or  falsa  (F). 

  1.      Tha  aockat  aat  should  ba  tha  mechanice  first  choica  of  hea. 

  2.     ~he  aockat  aat  Is  made  up^Bt  a  variety  of  handles,  extensions 

universal  jointa,  and  a  variety  of  sizes  of  sockets. 

  3.     Tha  aockat  wranch  is  the  beat  tool  for  removing  nuts  and  bolts 

wherever  practical. 

Answers  to  Frame  40: 

Quae t ion  No     *  Answer'    Review  Frame    Question  No     Answer   Review  Frame 


1#  C  --  32  6.  A  38 

2.  B   33  7.  C  32 

3.  D   34  8.  D  33 

4.  -  -  A   35  9.  B  35 

5.  -  C  3*  10.  B  37 
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Fran*  42 
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Where  applicable  and  practical,  the  eocket  wrench  aet  la  the  beat 
tool  for  reaoving/ina tailing  nuta  and  bolta.    However,  the  aet  ahould 
be  uaed  with  caution.    The  available  handles  are  interchangeable. 
They  are  made  long  enough  to  enable  the  mechanic  to  tighten  the 
largeat  nuta  or  bolta  without  undue  strain.    If  a  long  handle  ia  uaed 
while  turning  a  email  nut  or  bolt,  there  ia  the  possibility  that  enough 
twisting  force  (torque)  will  be  exerted  to  atrip  the  threada  or  pull 
the  bolt  in  two.    However 9  if  the  uaer  holda  the  handle  near  the 
eocket,  instead  of  at  the  end  of  the  handle,  a  long  handle  may  be  uaed 
aatiafactorily. 

Some  of  the  more  commonly  uaed  acceaaoriea  and  handlee  for  uae 
with  tho  eocket  wrench  aet  .are  nhown  in  the  illustration  above*  Our 
experience  haa  lead  ua  to  conclude  that  everybody  needaLto  have  a  few 
worda  of  explanation  concerning  the  purpose,  care,  and  uae  of  aome  or 
all  of  theae  tools. 

Check  (  /  )  the  correct  etetaaenz(e)  below. 

  1.     Socket  wrench  handlee  are  interchangeable. 

  2.     The  larger  the  handle,  the  more  torque  can  be  obtained. 


Answers  to  Fr*s*  41: 


1.  T 


2.  T 


3.  T 


Sockata  ara  uaad  vith  a  variety  of  handlaf.  It 
that  MkM  sockata  tha  first  choice  of  vranchaa.  If 


Is  this  variety 
ths  work  area  has 


plasty  of  woa  or 


"suing  epece*  tha  apaad  handla  should  ba  ^*ad  to 


raaove  nuts  or  bolts  quickly.    Tha  apaad  handle  is  hald  with  ona  hand 
and  tha  crank  la  hald  with  tha  othar  hand.   Tha  long  aack  of  tha  apaad 
handla  aliens  access  to  racasaad  nuts  or  bolts. 


Ansver  tha  follovlng  statement*  aa  althar  trua  (T)  or  fslaa  (F). 

  1.     Tha  apaad  handla  la  uaad  whara  tha  turning  radius  la  lis! tad. 

2.     Nuta  and  bolta  can  ba  renoved  quickly  with  a  apaad  handla. 


Anevera  to  Frame  42:    1.   /      2.   / 


mi 

Fran*  44 


Soaetlaws  a  lot  of  leverage  is  required  to  move  a  stubborn  nut. 
The  hlnio  handla  can  provide  this  leverage.  Thia  handla  la  ao  named 
bacauaa  It  ia  dcalgned  Ilka  a  door  hinge. 


Tha  hlnga  handla  la  the  strongest  handla  In  tha  toolbox.  Bacauaa 
of  thia,  It  la  uaad  to  braak  looaa  stubborn  nuta  and  bolta.    To  looaen 
a  nut,  tha  handla  can  ba  uaad  at  right  anglaa  to  tha  aockat  for  a 
atralght  pull.    Thia  la  shown  In  tha  flgura  below.    If  thia  la  not 
poaalbla,  an  angled  pull  may  be  uaed.    After  the  nut  ia  loosened,  the 
handle  can  be  moved  on  lta  hinge  to  the  vertical  position  and  twisted 
by  the  fingers  to  remove  the  nut. 


r 
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Prase  44  Continued 


Answer  each  of  the  following  statements  as  eithar  true  (T)  or  false  (F)< 

____  1,     The  hinge  handle  can  be  used  for  a  straight  (90  degree)  pull 
if  desired. 


o 


2.  The  hinge  handle  will  provide  any  angle  of  pull  desired. 

3.  Tight  or  "stubborn"  nuts  or  bolts  should  be  loosened  with  the 
hinge  handle. 


Answers  to  Frame  43:      1.    F     2.  T 


Frame  45 


One  of  the  most  useful  handles  Is  celled  a  ratchet  handle.  (See 
above  figure).    This  handle  can  be  used  to  either  tighten  (put  on)  a 
rut,  or  loosen  (take  off)  a  nut.    The  figure  below  shows  a  ratchet 
handle  set  to  tighten  (put  on)  a  nut.    Many  ratchet  handles  don't 
have  the  direction  of  the  turn  marked.    These  handles  require, a  check 
to  see  In  which  direction  (way)  they  are  set  to  turn.    By  grasping  the 
handle  In  one  hand  and  the  drive  in  the  other,  you  can  quickly  determine 
which  way  the  ratchf  *  will  turn  or  drive.    This  handle  allows  you  to 
tighten  or  loosen  a  uut  In  a  limited  space  without  having  to  remove  and 
reposition  the  socket  on  the  nut.    The  handle  slips  (ratchets)  one  way, 
but  will  not  slip  the  other  way.    To  Change  the  setting  of  the  ratchet, 
merely  move  the  control  lever  to  Its  other  position. 


Never  use  a  ratchet  handle  to  break  nuts  or  bolts  loose.    Using  a 
solid  handle  or  a  box-end     ench  will  avoid  damaging  the  ratchet  handle. 

Answer  the  following  statements  as  either  true  (T)  or  false  (F). 

  1.      The  ratchet  handle  drives  in  one  direction  and  slips  in  the 

other. 

  2.     When  ya*  can't  get  a  straight  pull  on  a  nut,  the  ratchet 

handle  will  permit  an  angled  pull. 

  3.      The  ratchet  handle  can  be  operated  without  having  to  raise 

the  socket  off  the  nut  for  another  "bite". 


Answers  to  Frame  44:      l.__T_    2.  T     3.  T 
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The  T-handle  is  yet  another  type  of  handle  uwd  for  driving 
sockets*    The  "T"  makes  it  possible  to  put  on  the  saae  force  with 
both  hands  because  the  drive  is  in  the  center*    Another  advantage 
la  that  the  turning  radius  ia  nailer  than  that  needed  with  other 
handles,  aa  ahown  in  the  illuatration  below.    "RM  above  the  radius 
for  the  T-handle.    "X"  ahowa  the  radiua  needed  for  another  type  of 
handle* 


Tumi  -  *^-c 


-CXTCNSON  y 

— -socket  y 


Check  <  ✓  )  the  correct  etate»ent(e)  below. 

  1.     Both  hand*  can  be  ueed  to  apply  aqual  force  to  tha  "T"  handle. 

2.  A  larga  turning  radiua  la  raqulrad  to  uea  tha  "T"  handla. 

3.  Whan  you  uaa  a  eocfcet  you  ahould  use  a  hinga  or  "T"  handla 
to  looaan  a  "tltht"  nut. 


Answer*  to  Frame  45:      1.  T     2.  F  3._T_ 
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Frame  A 7 


EXTENSION 


4 


G 


G 


IT 


SOCKET 


An  "extension"  is  used  to  make  something  longer.    If  the  socket 
handle  that  is  used  is  not  long  enough  to  reach  to  the  nut  or  bolt, 
an  extension  bar  %m  put  b^ween  the  socket  and  its  driving  handle. 
Extensions  are  msde  in  different  lengths.    We  even  have  flexible 
extensions  that  further  Increase  the  uaeability  of  the  socket  wrench 
set. 


Check  (  /  )  the  correct  statement (s)  below. 

1.      The  socket  extension  should  always  be  used  with  the  ratchet 


2.      An  extension  is  used  between  the  socket  and  the  socket  handle 
to  reach  nuts  and  bolts  at  various  lengths. 


handle. 


Answers  to  Frame  46: 


1. 


2, 


3. 
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Frame  48 


Universal  means  "all".    With  the  universal  Joint,  you  can  apply 
fores  in  all  directions*    Since  the  universal  joint  is  intended  to  be 
used  between  the  socket  and  the  socket  handle,  it  has  a  male  end  and  a 
female  end.    To  turn  a  nut  located  in  a  hard-to-get-at  place/  you  would 
use  a  universal  jofnt  as  illustrated  b^low. 


Check  (  /  )  the  correct  statement (s)  below. 

1.      Universal  joints  permit  work  where  a  straight  wrench  cannot 
be  used. 

  2.      Universal  joints  have  two  male  ends. 

  3.      Universal  joints  can  apply  force  in  all  directions. 


Answers  to  Frame  47:      1.  2.  J 
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Frame  49 


c  G 


IB 
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1.      Identify  the  above  tools  by  writing  their  respective  letters  next 
to  their  nomenclature  in  the  space  provided. 


1. 

Ratchet  handle 

2. 

Extension 

3. 

Speed  handle 

4. 

T"  handle 

5. 

Hinge  handle 

6. 

Universal  joint 

/ 


61 


61) 


( 


Fran*  49  Continued 


2.     Match  each  tool  in  column  B  with  the  proper 


Column  A 

1.  When  the  fast  removal  or 
replacement  of  nuts  and  bolts 
is  required,  and  the  swing 
arc  is  not  limited. 

2.  For  breaking  nuts  and  bolts 
loose  ar  i  to  permit  the 
freedom  of  any  angle  of 
pull  ^teaired. 

3.  To  tighten  or  loosen  a  nut, 
without  having  to  remove  and 
reposition  the  socket  on 
nut* 


and 


k  .    When*  the  turning  radius  is 
small  or  when  a  nut  or  bolt 
must  be  reached  through  a 
bulkhead. 

5.  Used  if  the  socket  handle 
drive  isn't  loo*  enough  or 

if  the  working  area  restricts 
the  movement  of  toola. 

6.  Used  between  the  socket  and 
the  socket  handle,  to  reach 
nuts  and  bolts  at  various 
angles. 


A. 
B. 
C. 
D. 
E. 
P. 
G. 


use  in  column  A* 

Column  B 
T-handle 
Ratchet  ha\dle 
Speed  handle 
Hinge  handle 
Socket 
Extension 
Universal  Joint 
Adapter 


\ 


An&wers  to 


Frame  48:      1.  { 


2. 


3.  / 
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Frame  50 


o 


Your  toolkit  will  have  several  sockets  to  fit  various  sizes  of 
nuts  <md  handles.    The  first  ctoice  of  experienced  mechanics,  when 
faced  with  the  tightening  or  loosening  of  nuts  and  bolts,  is  the 
socket  wrench.    One  reason  foe  his  choice  is  that  sockets  have  more 
contact  area  and  are  less  likely  to  slip.    Wbst  sockets  in  use  in  the 
Air  Force  have  12  gripping  points.    Repositioning  of  the  socket  for 
another  turn  is  easy  since  the  socket  will  fit  on  a  nut  or  bolt  in 
many  different  positions. 


Sockets  are  not  adjustable.    They  come  in  sets  and  each  Individual 
socket  will  fit  only  one  size  nut  or  bolt.    The  size  nut  or  bolthead  a 
socket  will  fit  is  ptainly* stamped  into  the  side  of  each  socket.  The 
illustration  above  shoWs  a  socket  f   \  will  fit  a  9/16  inch  bolt  or 
nut  head. 


The  square  opening  in  the  head  of  a  socket,  where  the  driving 
handle  is  attached,  is  called  the  female  drive,  illustration  above. 
Sockets  are  not  only  sized  according  to  the  size  nut  or  bolt  they 
will  fit,  but  also  by  the  size  of  the  drive  that  is  used  to  turn  them, 
Standard  drives  in  common  use  are  1/4" ,  3/8M,  and  1/2". 
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Frame  50  Continued 


Another  thing  to  be  considered  when  sizing  sockets  is  the  depth. 
In  order  to  reach  a  nut  turned  way  down  on  a  long  bolt,  the  socket 
would  have  to  have  considerable  depth*    Sockets  are  further  classified 
as  standard  (shallow),  deep,  and  extra  deep. 


STANDARD  DEEP  EXTRA  DEEP 


Check  (  /  )  the  true  statement (s)  below, 

1.  The  socket-drive  hole  (female  drive)  must  be  the  same  size 
as  the  square  drive  on  the  wrench  handle. 

2.  The  number  stamped  on  the  socket  refers  to  the  size  of  the 
drive. 

3.  The  female  drive  of  a  socket  must  fit  the  nut  or  bolt  toU>e 
removed • 

4.  When  selecting  a  socket,  one  must  consider  the  size  of  the  nr 
~~  or  bolt,  the  size  of  the  drive,  and  the  depth  cf  the  socket. 

5.  The  number  stamped  on  the  socket  refers  ^o  the  size  of  the 
~~          bolt  to  be  worked  on. 

6.  The  standard  socket  refers  to  the  shallowest  socket. 


Answers  to  Frame  49:   I.     1.  B      2 .  J_    3 .  D_    ^ .  C_    5.^    6.  E  _ 

2.     l.JL    2'JL    *'JL    4*-A_    5-_JL    6  y  c 
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Frame  51 

Sometimes  you  will  have  a  socket  with  a  1/4"  dri/e  and  a  handle 
with  a  3/8"  drive.    These  can  be  adapted  to  each  other  by  use  of  an 
adapter.    The  male;  and  female  drives  of  the  adapters  are  of  different 
sizes.    The  addition  cfthis  device  to  the  socket  wrench  set  makes  it  , 
possible  to  reduce  the  total  number  of  tools  required  to  be  carried 
.to  a  job  and  provides  greater  useability  of  those  required  on  the  job. 


8 

DRIVfc 


f  DRIVE 
4 


^  DRIVE 
Female  End 


-!  DRIVE 


Check  (  /  )  the  correct  statement (p)  below. 

  1.      One  end  of  the  adapter  fits  the  bolt  or  nut  to  be  removed 

or  installed. 


2.  The  female  part  of  the  adapter  fits  the  handle. 

3.  The  male  part  of  the  adapter  fits  the  socket. 

4.  Both  ends  of  the  adapter  are  the  same  size. 


Answers  to  Frame  50:  1.   /  2. 


3. 


4.    ✓      5.    ^      6.  ✓ 


Frame  52 

A  socket  Is  available  to  ease  the  installation  or  removal  of 
spark  plugs.    The  spark  plug  holding  socket  has  six  points  that  grip 
the  spark  plug  closely.    This  tight  grip  prevents  the  socket  from 
dropping  ahd  breaking  the  porcelain  on  the  spark  plug  during  its 
removal  or  Installation. 


6 


Check  (  /  )  the  correct  stateaent(s)  below. 

 1.     The  spark  plug  holding  socket  has  six  points. 

  2.     The  spsrk  plug  holding  socket  has  a  holding  device  built 

into  it  to  grip  and  hold  the  spark  plug  In  the  socket 


Answers  to  Frame  51:  1.   2.  J_    3.  /  4.  

T  4 
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VtM  FEMALE 
DRIVE 


1/2- FEMALE 
DRIVE 
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Frame  53 


NOTE  : 

THIS  SOCKET  HAS  A  HOLOIMG 
DEVICE  BUILT  INTO  IT 


® 
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1.      Match  the  items  illustrated  above  with  the  statements  listed  below. 


1.  Spark  plug  holding  socket 

2.  Six  point  socket 

3.  12  point  socket 

4.  Male  drive  end 

5.  Female  drive  end 

6.  Extension  length 
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  7*    Standard  socket 

8.  Dee^  socket 

9.  1/2"  square  drive 
socket,  13/16"  size 

10.    3/8"  square  drive 
socket,  3/4"  size 


  11.    1/4"  square  drive 

socket,  1/2"  size 

  12.    The  socket  required 

to  turn  a  3/4"  nut 
with  a  3/8"  male 
drive  handle 


Frame  S3  Continued 

2,     Anwer  each  of  the  following  statements  as  either  true  (T)  or 
false  (F). 

  1.      The  size  of  socket  drives  (handles)  is  determined  by  the 

dimension  of  the  square  end  of  the  drive  and  the  square 
hole  in  the  socket* 

  2.      Due  to  the  various  choices  of  handles,  and  the  variety  of 

drives  and  adapters,  the  socket  wrench  can  be  used  for  many 
different  jobs. 

  3»      The  spark  plug  holding  socket  has  a  holding  device  built 

into  it  to  grip  and  hold  the  spark  plug  in  the  sodket  so 
that  it  will  not  fail  out  during  removal  or  installation. 

 4.      The  purpose  of  a  wrench  is  to  tighten  or  loosen  nuts  and 

bolts. 

  5.     An  adapter  has  different  size  ends. 


Walk  over  to  the  handtool  trainer  and  look  at  the  many  handles, 
sockets,  and  attachments  available. 


Answers  to  Frame  52:     1.     /      2.  / 
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This  is  a  set  of  box-end  wrenches.    A  box-end  wrench  is  essentially 
a  bar  with  a  socket  on  each  end. 

These  wrenches  are  used  for  general  work  and  they  are  well  suited 
for  operation  in  close  quarters. 

Their  heads  are  small  and  yet  they  completely  surround  the  object 
being  worked  on.    They  can  be  used  on  nuts  v  ich  cannot  be  gripped  by 
other  types  of  wrenches*    Most  box-end  wrer  ,nes  have  twelve  points  and 
almost  all  nuts  and  bolts  have  six  sides.    Therefore,  as  little  as  one- 
twelfth  of  ore  turn  can  be  taken  each  time  the  wrench  is  shifted. 


Box-end  wrenches  may  be  further  identified  as  being  "off set". 
This  means  that  the  head  is  offset  (bent  off  to  one  side)  by  an  angle 
of  15  degrees  from  the  handle.    This  is  to  provide  clearance  for  the 
user's  hand  and  prevent  "barking"  of  his  knuckles. 

Check  (  /  )  the  correct  statement(s)  below. 

  1.      A  box-end  wrench  has  a  socket  on  each  end. 


2.      Each  end  of  the  box-end  wrench  is  a  different  size. 


3.      All  box-end  wrenches  are  straight. 


Answers  to  Frame  53:  1.  1.  C    2.  D    3.  E    4.  H    5.  K    6.  J    7.  A,Btor  F 


8,  a    9.  B    10.  A    11.  F    12.  A 


2.  1.  T    2.  T    3.  T    A.  T    5.  T 
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Nut  and  boltheads  are  measured  and  their  sizes  expressed  as  the 
distance  between  two  opposite  "flats".    See  the  figure  above. 

The  length  of  box-end  wrenches  Is  proportional  to  the  size  of  the 
nut  It  fits.    The  sizes  of  box-end  wrenches  are  stamped  into  the  metal 
near  each  end.    The  proportional  sizing  of  box-end  wrenches  makes  them 
good  tools  to  use  for  the  final  setting  of  nuts  or  bolts,    The  mechanic 
is  not  so  apt  to  overtighten  the  nut  so  that  he  strips  the  threads  or 
pulls  the  bolt  apart. 

Check  (  /  )  the  correct  statements)*  below. 

  1.      Nut  and  bolthead  sizes  are  determined  by  measuring  from 

corner  to  corner. 


2.  Small  box-end  wrenches  have  large  handles. 

3.  The  size  of  the  box-end  wrench  Is  stamped  In  the  metal, 
near  the  end. 

4.  The  smaller  the  box-end  wrench  socket,  the  smaller  the  handle. 

5.  The  longer  the  box-end  wrench  handle  the  more  torque  can  be 
applied. 


Answers  to  Frame  54:     1.      r      2.      /  3. 
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Frame  56 


Open-end  wrenches  are  open  at  the  ends.    They  can  be  used  on  tubing 
nuts  and  In  other  places  where  It  would  be  impossible  to  use  a  box-end 
or  other  type  of  wrench.    The  open-end  wrench  should  be  used  only  when 
conditions  make  it  impossible  to  use  the  box-end  wrench.    The  box-end 
wrench  bears  against  the  nut  or  bolthead  on  six  points.    Hcwever,  the 
open-end  wrench  bears  against  the  sane  nut  ojr  bolthead  at  only  two 
points.    This  two  point  contact  is  apt  to  lead  to  rounding  off  the 
corners  of  the  nuts  or  bolts  on  which  the  open-end  wrench  is  used. 

Open-end  wrenches  fit  standard  sized  nuts  and  are  light,  strong, 
and  convenient  for  working  in  limited  space.    The  distance  between  jaws 
determines  the  size  of  the  nut  it  w?ll  fit.    Because  the  jaws  are  set  at 
an  angle,  usually  15  degrees,  it  is  easy  to  increase  the  swing  of  the 
handle  by  turning  the  wrench  over.    The  length  of  the  wrench  varies 
according  to  the  size  of  the  opei  Ing,  which  is  plainly  stamped  near 
each  end  of  the  wrench. 


Check  (  /  )  the  correct  state. Mit(s)  below. 


1*      The  open-end  wrench  is  better  than  the  box-end  wrench  when 
removing  bolts. 


2.  The  jaws  of  an  open-end  wrench  are  usually  set  at  a  15  degree 
angle, 

3.  The  length  of  the  wrench  varies  according  to  the  size  of  the 
opening. 


Answers  to  Frame  55:  1. 


2. 


3.  / 


**** 
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Box  Ebd 


Combination  wrenches  are  designed  to  provide  a  bor-end  on  one  end 
and  the  same  size  open-end  on  the  other  end. 

The  combination  wrench  la  ^sed  to  loosen  and  tighten  nuts  and  bolts. 
The  box-end  Is  used  to  "break"  the  nuts  and  bolts  free,  then  the  open-end 
can  ba  used  co  remove  or  replace  the  nuts  and  bolts  more  quickly. 

Check  (  /  )  the  correct  statement(s)  below. 

  1.      A  combination  wrench  has  the  same  size  open-end  as  box-end 

~  on  each  side  of  the  wrench. 

2.      The  open-end  of  the  combination  wrench  Is  set  at  a  15  degree  * 
angle . 


a*- 


Answers  to  Frame  56:  1. 


2.  ✓       3.  / 
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Frame  58 


This  is  an  open-end  adjustable  jaw  wrench.    It  is  made  so  its 
laws  can  be  opened  or  closed  to  fit  the  flats  of  the  nut  or  oolthead. 
The  face  of  each  jaw  is  smooth.    The  size  of  the  wrench  is  given  in 
inches,  which  is  the  overall  length  of  the  tool. 

The  adjustable  jaw  wrench  is  the  most  conmonly  misused  tool 
available  to  the  mechanic.    Normally,  it  should  be  used  only  when 
other  wrenches  are  not  available  or  do  not  fit  the  nuts  or  bolts  to 
be  worked  on.    For  minor  adjustments,  where  the  torque  required  is 
not  too  great,  this  wrench  works  satisfactorily.    Care  should  be 
exercised  because  this  wrench  is  more  apt  to  round  off  the  corners 
than  one  which  fits  perfectly. 


COMCf 


Fixed  Jav 


Adjusting 
Screw 


Adjustable  Jav 


Shaking  the  wrench  slightly,  while  it  is  being  adjusted  to  the 
nut  or  bolt  size,  will  aid  in  getting  a  more  nearly  perfect  fit. 


Check  (  /  ;  the  correct  statement(s)  below, 
1. 


The  correct  way  to  determine  the  size  of  an  adjustable  Jaw 
wrench  is  to  measure  the  maximum  jaw  opening. 

2.  Adjustable  jaw  jTrenches  should  be  used  where  the  turning 
effort  (torque)  is  not  too  great. 

3.  Shaking  the  wrench,  while  making  the  size  adjustment,  aids 
in  getting  a  better  fit. 


© 


Answers  to  Frame  57:  1»    /      2.  /_ 
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The  adjustable  Jaw  wrench  should  always  be  turned  in  the  proper 
direction.    All  adjustable  Jaw  wrenches  should  always  be  pulled  so 
that  the  handle  moves  toward  the  adjustable  Jaw.    If  an  adjustable 
Jaw  wrench  Is  turned  over  and  used  so  that  the  Pressure  is  on  the  main 
Jaw,  it  is""very  likely  that  the  adjustable  Jaw  will  break. 


This  tool  is  connonly  known  as  the  "knuckle  buster'  for  it  is 
prone  to  slip  from  the  part  being  worked  on.    Always  place  the  wrench 
in  a  position  so  that  the  pull  on  the  handle  tends  to  force  the  Jaws 
further  onto  the  nut.    The  most  effective  angle  for  this  pulling  is 
with  the  arm  at  right  angles  to  the  handle  and  the  center  line  of  the 
nut  or  bolt.    This  helpr  prevent  wrench  slippage. 

Check  (  /  )  the  correct  statement(s)  below. 

 !.      The  correct  way  to  use  an  adjustable  jaw  is  to  push  it  toward 

the  adjustable  Jaw, 

2.  Incorrect  use  of  the  adjustable  Jaw  wrench  can  cause  slippage. 

3.  Adjustable  Jaw  wrenches  should  always  be  pulled  so  that  the 
  *      handle  moves  toward  the  adjustable  Jaw. 


Answers  to  Frame  58:  1. 


✓      3.  ✓ 
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Frame  60 


To  the  oid-timer,  the  object  shovm  #>ove  is  known  as  an  "Allen 
wrench".    Technically,  it  is  a  "key,  socket  head  screw  . 

Regardless  of  what  it  is  called,  the  tool  is  a  heragcnal  steel 
bar  with  a  90  degree  bend.    The  longer  portion  is  normally  considered 
to  be  the  handle!  although  both  ends  are >he  same  size  and  can  be  used 
interchangeably.    The  size  of  the  tool  is  found  by  measuring  the 
distance  across  the  flat  tip  or  end. 

Whe.eas  most  wrenches  fit  outside  of  a  nut  or  bolt    this  key  fits 
inside  the  head  of  a  bolt  or  screw.    These  tools  are  used  to  turn  screw, 
and  setscrews  used  to  fasten  pulleys  to  shafts  where  the  head^of  a 
conventional  screw  would  interfere  with  operatic*..    This  "working  from 
the  iiLide"  feature  has  lead  some  people  to  call  this  tool  an  "internal 
wrenching"  key. 

Check  (  /  )  the  correct  statement(s)  below. 

1.  An  "Allen  wrench"  is  designed  for  internal  wrenching  bolts. 

2.  Only  the  short  er4  of  the  key  socket  head  screw  is  used  to 
tighten  setscrews. 

3.  The  Allen  wrench  is  six  sided. 


Answers  to  Frame  59:  1.   2.  3. — {_ 
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Never  use  a  wrench  as  a  hammer  or  crowbar. 

Stop  pulling  on  the  nut  as  soon  as  it  is  turned  down  tight.    If  a 
definite  tightness  is  specified,  you  will  have  to  use  a  torque  wiench  to 
complete  technical  publications  requirements. 

Always  think  twice  before  pushing  on  a  wrench.    If  you  are  standing 
on  a  wet  surface  there  is  the  possibility  that  you  may  fall  flat  on  your 
face.    Ten  chances  to  one  you  will  find  it  safer  to  pull.     If  the  wrer  k 
must  be  pushed,  use  the  palm  of  your  open  hand  so  that  your  knuckles 
will  not  be  mashed  in  case  something  does  slip. 

See  that  your  footing  is  good  before  you  pull.    Get  into  the  habit 
of  figuring  our  what  is  going  to  happen  when  the  wrench  slips,  the  bolt 
breaks,  or  the  threads  strip.    Particular  care  should  be  taken  when 
working  on  a  ladder,  stand,  or  in  any  elevated  position. 

Never  use  a  pipe  or  another  wrench  to  extend  the  handle  of  a 
wrench  in  order  to  gain  leverage.    Something  is  bound  to  give  -  but 
maybe  not  whal  you  expect. 

Inspect  all  wrenches  frequently  for  general  condition,  cleanliness, 
chip.*,  -racks,  etc.    Avoid  throwing  wrenches  or  other  tools  into  your 
toolbox. 

Check  (  /  )  the  correct  statement (s)  below. 

  1.      A  wrench  is  a  universal  tool,  it  can  be  used  as  a  substitute 

for  many  coomon  handtools. 

  2.      Never  push  a  wrench. 


3.      A  pipe  may  be  used  to  extend  the  length  of  a  wrench. 


Answers  to  Frame  60:  1.     J      2.  3.  / 
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Frame  62 


1.      Study  the  sizes  of  the  wrenches  shown  above:    THEN  place  the 
letter  of  the  proper  wrench  to  be  used  for  each  nut  or  bolt  in  the 


7; 
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Frame  62  Continu-  d 

2       The  uses  of  wrenches  a.e  listed  in  column  A,  the  types  of 
Wrenches  are  listed  in  colunm  B.    Match  e.,h  wrench  in  column  B  with 
its  proper  use  in  column  A. 


Column  A 

1.      Used  on  internal  wrenching 
hexagon  bolts,  plugs,  and 
setscrews . 

2#      Must  be  used  on  gas  and 
oil  line  fittings. 

3,      Used  in  hard  to  reach 
places.     It  completely 
surrounds  the  bolthead 
or  nut  to  be  turned. 

Will  fit  any  bolt  or  nut 
within  it?  i~age  and  works 
satisfactorily  for  adjust- 
ments, or  wSere  the  turning 
x     effort  (torque)  is  not  too 
great. 


Column  B 

A.  Open-end  wrench. 

B.  Adjustable  jaw  wrench. 

C.  Socket  screw  wrench. 

D.  Box-end  wrench. 


Answers  to  Frame  61:     1-   2.  /_  3. 
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Answer  the  following  questions  concerning  wrenches, 
missed  any  questions ,  review  the  appropriate  frames. 


Frame  63 
If  you 


1.      The  above  tool  is  called  a 

a.  hinge  handle,  c.    "Tn  handle. 

b.  ratchet  handle.  d.     speed  handle. 


4^ 


0 


The  above  tool  is  called  a(n) 

a.    hinge  handle.  c.    ratchet  handle, 

b»     speed  handle.  d,  extension. 


X3 


3.      The  above  tool  is  called  a(ii) 

a.  hinge  hfcpdle.  c.    universal  joint. 

b.  extension.  d.  socket. 


4.      The  above  toe  is  called  a(n) 

a.  extension.  c. 

b.  swivel  socket.  d. 
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universal  joint, 
shallow  socket. 
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Franc  63  Continued 


TWELVE 
GRIPPING 
\P01NTS 


The  above  socket  will  fit  a 

a.  3/4"  bolthead.  c.     any  size  bolthead. 

b.  3/4"  drive.  d.    3/4"  drive  ard  3/4"  bolthead. 


-|  ORtVE 


6.      The  above  tool  is  called  a(n) 

a.  universal  joint,  c.  socket. 

b.  adapter.  d.    adjustable  wrench. 


7/16 


I  lit 


The  above  tool  is  called  a(n) 

a.  open-end  *  rench.  c. 

b.  box-end  wrench.  d. 


combination  wrench, 
adjustable  wrench. 


8.      The  above  tool  is  sometimes  called  a(n) 

a.  screwdriver.  c.    Allen  wrench. 

b.  socket  wrench.  d.     external  wrench. 


tf3o 

Frame  63  Continued 

9.  The  best  tools  for  removing  nuts  and  bolts  wherever  practical  are 

a.  adju.  table  jaw  wrenches*  c.    socket  wrenches, 

b.  combination  pliers.  d.    open-end  wrenches . 

10.  Speed  handles  are  used  where 

a.  the  turning  radius  is  c.  an  angle  pull  is  required, 
limited. 

d.  tight  nuts  must  first  be 

b.  speed  is  required.  broken  loose. 

1*.    Which  of  the  following  socket  handles  drives  in  one  direction 
and  slips  in  the  other  direction? 

a.  Hinge  handle.  c.    Ratchet  handle. 

b.  Speed  handle.  d.    ,fT"  handle. 

12.  Which  socket  handle  can  be  operated  without  having  to  raise  the 
socket  off  the  nut  for  another  "bite"? 

a.  Hinge  handle.  c.    Speed  handle. 

b.  Ratchet  handle.  d.     HTM  handle. 

13.  To  get  to  a  nut  located  in  a  hard-to-get-at  place,  you  would  use 
a(n) 

a.  adapter.  c,    "TH  handle. 

b.  universal  joint.  d.    speed  handle. 

14.  The  socket-drive  hole  (femal-  dri/e) 

a.  has  its  size  stamped  on  the  side  of  the  socket. 

b.  fits  any  size  socket  handle. 

c.  must  be  the  same  size  as  the  bolt. 

d.  is  attached  to  the  socket  handle. 
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15.  To  reduce  the  total  number  of  tools  required  to  be  carried  tc  a  job, 
it  would  be  best  to  carry  which  of  the  following  tools? 

a.  Universal  joint.  c.  Adapter. 

b.  Speed  handle.  d.  Extension. 

16.  Which  of  the  following  tools  is  best  suited  to  remove  a  nut? 

a.  Box-end  wrench,  c.    Adjustable  jaw  wrench* 

b.  Open-end  wrench,  d.  Pliers. 

17.  Which  of  the  following  wrenches  will  yield  the  largest  amount  of 
torque? 

a.  Short  handled,  open-end  wrench. 

b.  Long  handled,  box- end  wrench. 

c.  Adjustable  jaw  wrench. 

d.  Short  handled,  box-end  wrench. 

18.  What  is  the  correct  way  to  use  an  adjustable  jaw  wrench? 

a.  Push  it  toward  the  adjustable  jaw* 

b.  Pull  it  toward  the  stationary  jaw. 

c.  Pull  it  toward  the  adjustable  jaw. 

d.  Push  it  toward  the  stationary  jaw. 


Answers  to  Frame  62:     1.    1.  D      2.  3    3.  A    4.  C    5.  D 

2.     1.  C      2.  A    3.  D    A.  B 


82 


Section  V 


*  • 

• 

The  thickness  gauge  consists  of  a  set  of  leaves  of  hard  steel. 
Each  leaf  is  ground  to  a  definite  thickness,  having  one  end  of  each 
leaf  fastened  into  a  protective  case.    A  set  usually  consists  of  leaves 
ranging  it.  size  from  fifteen  ten- thousandths  (0.0015)  of  an  inch  to 
twenty-five  thousandths  (0.025)  of  an  inch. 

Thickness  gauges  are  U9ed  to  measure  the  clearance  between  two 
parts.    One  leaf  at  a  time  is  tried  until  the  thickness  leaf  which 
will  enter  the  opening  is  found.    The  clearance  is  determined  by 
reading  the  thickness  stamped  on  the  particular  leaf. 

The  leaf  should  always  be  wiped  off  before  trying  to  insert  it 
between  two  parts.    The  leaf  should  never  be  forced  into  an  opening. 
Light  pressure  only  should  be  applied.    If  the  leaf  is  forced ;  it  may 
spte«d  the  upeuxug.    This  gives  an  inaccurate  indication  of  sise  or 
there  is  danger  of  kinking  the  leaf  and  ruining  it.    TWo  leaves  may 
be  wiped  clean  and  used  together  if  one  leaf  of  the  proper  thicVness 
is  not  available. 

Check  (  /  )  the  correct  statement (s)  below. 

1.  The  thickness  gauge  is  calibrated  in  thousandths  of  an  inch. 

2.  Thickness  gauges  are  used  to  measure  the  clearance  between 
two  parts. 

3.  Only  one  leaf  of  the  thickness  gauge  can  be  used  to  measure 
the  clearance. 

Answers  to  Frame  63: 

Question  No       Answer     Review  Frame 


Question  No     Answer    Review  Frame 


1.  D   A3 

2.  A   44 

3.  B   47 

4.  C   48 

5.  A   50 

6.  -  -  B   51 

7.  B   54 

8.  C   60 

9.  -  C   41 


10.  

11.  

12.  ----- 

13.  -  -  - 

14.  

15.  

16.  A  54 

17.  B  55 

18.  C  --59 


B 

C 
B 
B 
D 
C 


-  43 

-  45 

-  45 

-  48 

-  50 

-  51 
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Frame  65 


The  work  of  a  mechanic  is  no  more  accurate  than  the  measurements 
he  makes.  It  is  important,  therefore,  that  he  learns  to  use  and  read 
measuring  instruments  correctly  and  accurately.  There  are  many  dif- 
ferent types  of  measuring  instruments;  each  type  is  best  for  a  specif 
purpose.  The  most  common  unit  of  measurement  with  which  you  will  wor 
is  the  inch,  which  is  further  divided  into  fractions. 


Rules  are  usually  made  of  steel  and  they  are  available  in  A,  6,  or 
12- inch  lengths.     The  largest  unit  of  measurement  common  to  these  rules 
is  the  inch.    The  inch  may  be  divided  into  smaller  fractions,  such  as 
1/4,  1/2,  1/8,  1/16,  1/32,  and  even  1/64.    Graduations  of  less  than 
1/64  are  not  used  because  they  are  difficult  to  read. 

Tapes  are  available  in  many  kinds  and  lengths.    The  one  commonly 


used  by  most  mechanics  is  six  feet  in  length  and  is  made  of  flexible 
steel.    It  is  coiled  in  a  circular  case.    The  tape 'may  be  easily  drawn 
out  of  its  case  when  needed,  and  pushed  back  into  the  case  when  not 
needed.    Tapes  are  graduated,  usually  in  sixteenths  (1/16)  or  thirty- 
seconds  (1/32)  of  an  inch.    Host  tapes  have  a  small  lip  on  one  end 
which  prevents  the  end  from  slipping  into  the  case  when  the  tape  is 
rolled  up  into  the  case.      his  lip  also  enables  the  user  to  line  up  the 
end  of  the  tape  more  easily  with  the  end  of  the  piece  being  measured. 

Check  (  4  )  the  correct  statement(s)  below. 

1.      The  smallest  measurement  on  a  rule  is  1/32  of  an  inch. 


2.      Tapes  are  used  when  long  distance  measurements  are  required. 


3.      To  measure  the  diameter  of  a  bolt,  you  woul<f*use  a  rule,  i 


4.      To  measure  the  length  of    a  component,  you  would 


Kazan 


use  a  tape  measure. 


Answers  to  Frame  64: 


1.     ✓  2. 


3. 
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Frame  66 


Art", 
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SELECT  CORRECT  MOLE 
TO  MATCH  WIRE  CAGE 


BLADES  REMAIN  OPEN 
UNTIL  WIRE  IS  REMOVED 


Wire  strippers  are  used  to  take  off  insulation  from  the  ends 
of  electrical  wires.    Several  holes  corresponding  to  various  wire 
sizes  are  in  the  cutting  edge  of  the  tool.    Care  must  be  taken  to 
mZ  mvm  that  the  correct  hole  is  used  for  the  wire  being  stripped. 
If  the  stripP2r  hole  is  too  small,  some  wire  strands  may  be  cut. 

Check  (  /  )  the  true  statement (s)  below. 

1.      There  must  be  careful  selection  of  the  hole  on  the  wire 
stripper  for  the  wire  size  to  be  stripped. 

2<      The  stripper  should  cut  completely  through  the  insulation 

3.      A  stripper  is  a  handy  tool  for  removing  insulation  from  the 
™"  center  of  a  length  of  wire. 


Frame  67 


The  crimping  tool,  shown  below,  should  be  used  for  connecting 
(crimping)  prelnsulated  terminals  to  conductors.    Other  crimping 
tools  such  as  Stakon  pliers  should  be  used  to  crimp  noninsulated 
terminals.    The  insulaticn  on  the  terminals  is  color  coded  according 
to  the  size  of  the  conductors  to  which  they  are  to  be  joined.  The 
Instruction  plate  on  the  tool  shows  which  of  the  nests  should  be 
used  for  the  sizes  of  wire. 


UPPER  JrfEST 

LOWER  NEST 


^STiUCTIOH 
PIATI 
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MS  PAtT  NO.  MS  25037  1A 


Check  (  ✓  )  the  true  statement (s)  below. 

  !•      Prelnsulated  terminals  can  be  crimped  to  a  conductor. 

  2-       Noninsulated  terminals  can  be  crimped  to  a  conductor, 

 3-      The  instruction  plate  on  the  crimper  indicates  the 

pressure  needed  to  crimp  terminals  to  wires. 


Answers  to  Frame  66:     1.   /        2.     /  3. 
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Frame  68 


The  retriever,  sometimes  called  "mechanical  fingers/1  is 
used  to  pick  up  small  objects  that  are  located  in  inaccessible 
areas.    By  pushing  down  the  button,  the  grip  opens  enabling 
•    objects  to  be  grabbed. 


mmiuiiiutuMiiim 
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An  inspection  mirror  can  be  used  when  the  work  being  done  is 
located  in  such  a  position  that  it  is  out  of  view.    A  noninsulated 
nurror  should  not  be  used  around  live  electrical  circuits. 

1.      Check  (  /  )  the  correct  statement(s)  below. 


1.      The  retriever  can  be  used  to  pick  up  fallen  screws  in  hard- 
to-get-at  places. 


An  insulated  inspection  mirror  must  He  used  on  all  equipment. 


Answers  to  Frame  67: 


✓      2.  / 


3. 
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Frame  69 

One  of  the  most  useful  tools  available  to  the  mechanic  is  the 
electric  drill.    The  principal  use  of  the  electric  diill  is  for  boring 
or  drilling  holes  in  metal.    Drills  commonly  used  in  the  shop  are  of  the 
1/4-inch,  3/3-inch,  or  1/2-inch  capacity.    It  is  never  advisable  to 
exceed  the  rated  capacity  of  an  electric  drill.    Such  a  practice  usually 
results  in  burning  up  the  drill  motor.    For  shop  use,  hardened  steel 
drill  bits  are  used  with  the  electric  drill.    As  you  can  see  from  the 
picture  below,  the  main  parts  of  the  portable  electric  drill  are  the 
motor,  chuck,  handle,  trigger,  trigger  lock,  and  chuck  key. 


CHUCK 


KEY 


Circle  the  letter  of  the  correct  statement  below. 

a.  The  best  tool  for  drilling  holes  in  metal  is  the  electric  drill. 

b.  The  capacity  of  an  electric  drill  should  never  be  exceeded. 

c.  Hardened  steel  drill  bits  are  best  for  use  with  the  electric  drill. 

d.  All  of  the  above  statements  are  -ie. 


Answers  to  Frame  68:  1.1. 
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Another  power  tool  found  in  nost  shops  is  the  bench  grinder.  A 
typical  bench  grinder  is  shown  in  the  illustration  below.    Note  that 
the  main  parts  of  the  bench  grinder  are  the  stand,  motor,  grinding 
wheels,  work  rest,  and  eye  shield.    The  grinding  wheels  should  always 
be  checked  for  cracks  before  starting  the  motor. 


The  bench  grinder  works  best  at  maximum  RPM.    Too  much  pressure 
on  the  grinding  wheel  will  cause  the  motor  to  overheat  and  the  metal 
being  sharpened  to  burn.    The  grinding  action  is  the  result  of  friction 
between  the  wheel  and  the  metal;  so  the  faster  the  rotation  of  the 
grinding  wheel,  the  greater  the  friction. 

Circle  the  letter  in  front  of  the  correct  statement  belov. 

a.  Pressing  hard  on  the  grinding  wheel  increases  its  efficiency. 

b.  Too  much  pressure  on  the  wheel  will  cause  the  metal  to  burn. 

c.  If  the  motor  turns  too  f~<?t,  it  will  overheat. 

d.  Friction  helps  c^ol  the  metal. 


Answer  to  Frame  69:  d 
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Frame  71 

The  bench  grinder  usually  has  two  stones  or  wheels;  one  made  of 
fine  grit  and  the  other  of  coarse  grit.    The  grit  is  held  together  by 
a  strong  adhesive.    An  electric  motor  (usually  rated  at  1/2  horsepower) 
turns  the  stones  at  a  high  rate  of  speed.    The  materia  to  be  sharpened, 
smoothed,  or  reduced  in  size  is  held  on  the  tool  rest  and  pressed 
against  the  rotating  stone. 

Circle  the  letter  in  front  of  the  correct  statement(s)  below. 

a.  Grinding  wheels  are  cut  out  of  solid  stone. 

b.  Bench  grinders  are  used  to  sharpen  chisels,  punches,  and  drill  bits. 

c.  The  material  to  be  "ground"  is  pressed  against  the  rotating  wheel. 

d.  The  stones  are  turned  at  a  high  rate  of  speed. 


Answer  to  Frame  70: 
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Frair.e  72 

Answer  the  following  questions  concerning  tools.    If  you  missed 
any  questions,  review  the  appropriate  frames. 


The  above  tool  is  called  a 

a.  rule. 

b.  tape  measure. 


c.  thickness  gage. 

d.  depth  gage. 


The  tool  best  suited  to  measure  the  diameter  of  a  bolt  is  called  a 

a.  rule.  c-    thickness  gage. 

b,  tape  measure.  .    d.    yard  stick. 

To  remove  the  insulation  from  a  wire  you  would  best  use  a 

a.  crimping  tool-  c.    wire  stripper. 

b.  knife.  diagonal  cutting  pliers. 


MliilillUHMUtitnitmtnnllM 

4.      The  above  tool  is  called  a 
a*  magnet, 
b.  retriever. 


c.  inirror. 

d.  long  stem  screwdriver. 
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Frame  72  Continued 


5. 


6. 


The  drill  bit  on  an  electric  drill  is  inserted  in  the 

a.  mouth.  c.  nuse. 

b.  chuck,  d.  lock. 
A  bench  grinder  operates  most  efficiently 

a.      at  -aaximum  RPM.  c.      without  a  tool  rest. 


at  slow  speeds. 


d.      when  pressing  hard  on 
grinding  wheel. 


Check  (/)  your  answers  at  the  end  of  frame  85.     If  you  missed 

any  of  the  questions,  review  the  appropriate  frames  before  going  ~n 

to  the  next  frame* 


Answers  to  Frame  71: 


c  d 
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Frame  73 

A  torque  wrench  is  used  to  measure  how  much  torque  (twisting 
force)  is  applied  to  a  nut  when  it  is  put  on  a  bolt.    Some  wrenches 
are  made  to  measure  torque  in  inch-pounds,  others  in  foot-pounds. 
The  type  of  torque  wrench  most  used  in  the  Air  Force  is  the  "break- 
away" type.    These  are  sometimes  called  the  Automat ic-Release-Torque 
wrench.    This  is  the  only  type  of  wrench  we  are  authorized  to  use  on 
nuts,  bolts,  etc.,  which  we  put  on  a  pl^ue.    The  breakaway  tcrque 
wrench  (see  sketch  below)  has  a  square  drive,  shaft  scale,  vernier 
scale,  grip  on  handle  and  a  grip  lock. 


VERNIER  SCALE 


0 


Check  the  correct  statement Cs)  below. 

1.      Torque  wrenches  measure  torque  in  foot-pounds  only. 


2. 


3. 


The  ''breakaway"  type  torque  wrench  is  tha  most  commonly  used 
torque  wrench  in  the  Air  Force. 

r  * 

The  Vernier  scale  and  the  gflp* lock  are  attached  to  the 
hand le. 

Common  aircraft  hardware  should  NOT  be  torque  with  a 
"breakaway"  type  torque  wrench. 
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Frame  74 

Some  types  of  torque  wrenches  are  the  screv  driver  type,  the 
flexible  beam  tyoe  and  the  dial  which  are  NOT  authorized  for  use  in 
tightening  common  aircraft  hardware.    In  some  specific  applications 
of  checking  torque,  an  aircraft  manual  or  equipment  maintenance 
manual  may  require  one  of  the  above  mentioned  wrenches  to  be  used. 

Note:    The  term  "TORQUE  WRENCH"  in  portions  of  this  text  may 
be  shortened  to  "wrench." 


Check  (A  the  correct  statement(s)  below. 
1. 


Any  type  of  torque  wrench  is  authorized  for  use  on  common 
aircraft  hardware. 


3. 


4. 


The  flexible  beam  type  torque  wrench  should  not  be  used  vo 
torque  a  nut  on  an  aircraft. 

An  aircraft  technical  manua?  will  never  list  a  type  of 
torque  wrench  other  than  the  authorized  "breakaway"  type. 

An  equipment  maintenance  manual  may  require  a  dial  type 
torque  wrench  to  be  used. 


G 


Answers  co  Frame  73; 


J    2.       J  3. 


A. 
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Frame  75 
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The  breakaway  torque  wrench  may  be  adjusted.    The  torque  value  . 
you  want  for  the  unit  you  are  to  work  on  can  be  set  (within  limi^§  of 
the  torque  wrench)  by  turning  the  handle  (grip)  to  settings  on  the 
micrometer  type  scale.    The  micrometer  type  scale  is  made  up  of  the 
shaft  scale>  on  the  bar  part  of' the  wrench,  and  the  vernier  scaxe  on 
the  handle.    In  the  sketch  below,  note  the  shaft  scale  is  graduated 
in  50  inch-pounds.    The  vernie*  scale  is  graduated  from  0  to  50  inch- 
pounds  which  will  let  us  change  the, torque  setting  to  what  is  called 
for  in  the  technical  order. 


SHAFT  SCALE 


VERNIER  SCALE 


LOCK 


GRIP 


Note:  For  a  foot-pound  torque  wrench  the  graduation  would  be 
in  foot-pounds. 

Check  (/)  the  correct  statement (s)  below. 

1.      Breakaway  torque  wrenches  are  not  adjustable. 


2.  The  micrometer  (the  shaft  scale  and  the  vernier  scale)  is 
used  to  indicate  the  amount  of  torque  set  on  the  wrench, 

3,  The  shaft  scale  is  graduated  in  50  inch-pounds. 

A.      One  complete  turn  of  the  handle  will  give  an  increase  or 
decrease  of  50  inch-pounds. 
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Answers  to  Frame  74: 
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2. 


/  3. 


/  4. 
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Frame  76 
* 

The  unit  you  must  install  has  a  higher  torque  value  on  the  nuts 
than  you  have  set  on  the  wrench.    To  reach  rhis  new  torque  value  the 
handle  (grip)  must  be  turned  to  the  right  which  will  add  tension  to 
the  spring  in  the  handle.    This  will  also  r.ake  the  handle  shorter  in 
length  and  change  the  reading  on  the  micrometer  type  scale.     If  you 
need  a  lower  torque,  then  turn  the  handle  to  the  left  until  you  pass 
your  desired  setting.    You  should  always  approach  the  setting  you 
want  on  the  wrench  from  the  lower  end  of  the  scale. 

Check  the  correct  statement(s)  below. 
1. 


To  change  the  torque  value  on  the  wrench,  the  handle  (grip) 
must  be  turned. 

2.  A  torque  setting  is  approached  from  the  higher  end  of  the 
scale. 

3.  To  increase  the  torque  setting,  the  handle  is  turned 
counterclockwise. 

4.  Turning  the  handle  reduces  or  increases  tension  on  the  spring 
inside  the  handle. 


6 


Answers  to  Frame  75! 


/I.        /    3.        /  4. 
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The  breakaway  torque  wrench  has  a  lock  to  make  sure  that  the  torque 
value  you  sVf  dp£s  not  change  when  you  use  the  wrench.    On  some  of  the 
wrenches  the  lock  is  turned  (figure  A)  to  engage  and  lock  the  handle. 
In  other  wrenches  the  locking  is  done  by  sliding  the  lock  along  the 
handle  to  engage  a  Faw*  or  slot  in  the  shaft  (figure  B).    In  either 
case,  the  grip  is  kept  from  turning  when  the  wrench  is  in  use.  The 
lock'must  be  "UNLOCKED"  before  the  handle  (GRIP)  can  be  turned.  The 
lock  can  only  be  "locked"  when  a  number  on  the  vernier  scale  (0,  5, 
10,  etc)  is  in  line  with  the  "SHAFT  INDEX  LINE"  (see  sketch  below). 


IOCK 
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SHAFT  INDEX  UNI 


Check  C*0  the  correct  statements  below. 

The  breakaway  torque  wrench  has  a  locking  device. 

2.  The  handle  (grip)  cannot  be  turned  when  the  lock  is  "unlocked." 

3.  A  number  on  the  vernier  scale  must  be  in  line  with  the  "shaft 
inde^  line"  before  the  locking  device  will  "lock." 


Answers  co 


Frame  76:       ^  1. 


2. 


3.        /  4. 
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Frame  78 

The  torque  wrench  will  automatically  release  or  "break"  when  you 
reach  a  set  amount  of  torque  on  a  nut  or  bolt.    When  the  handle 
releases,  it  will  have  approximately  fifteen  to  twenty  degrees  of 
free  travel  and  should  not  be  pulled  beyond  this  point. 

Check  (/)  the  correct  statement (s)  below. 

1.      The  handle  should  be  pulled  after  it  releases  or  "breaks." 


2.  When  the  handle  releases  or  breaks  the  desired  amount  of 
torque  has  been  applied. 

3.  After  fifteen  or  twenty  degrees  of  /ree  travel,  the  handle 
should  not  be  pulled  beyond  this  point. 


Answers  to  Prame  77;       J    1.   2,       J    3.   4. 
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Frame  79 

Identify  the  parts  of  the  torque  wrench  on  c.he  illustrated  diagram 
b£low  by  selecting  the  names  from  the  list  and  writing  the  names  in  the 
appropriate  numbered  spaces  on  :he  illustration. 


NAMES 


Grip  Lock  Handlg  (Grip)  Vernier  Scale 

Shaft  Seal*  Socket  Drive 
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Frame  80 

From  tirae  to  time  is  you  use  torque  wrenches  you  may  have  to  change 
inch-pounds  to  foot-pounds.     Divide  the  iach-pound  figure  by  12  (the 
number  cf  inches  in  a  foot)  to  change  from  inch-pounds  to  foot-pounds. 
For  example:     600  inch-pounds  divided  by  12  equals  50  foot-pounds.  To 
change  foot-pounds  to  inch-pounds,  multiply  the  figure,  Ex:     10  ft  by  12 
(number  of  inches  in  1  ft)  thus  you  have  10  ft  by  12  in  =  120  inch-pounds. 

Check  ^/)  the  correct  statement  (s)  below, 

1. 


To  change  inch-pounds  to  foot-pounds  divide  the  foot-pounds 
by  12, 

2.  To  change  foot- pounds  to  inch-pounds  multiply  the  foot-pounds 
by  12. 

3.  Twelve  (12)  foot-pounds  is  equal  to  one  (3)  inch-pound, 

4.  Forty-eight  (48)  inch-pounds  is  equal  to  four  (4)  foot-pounds. 


ERIC 


Answers  to  Frame  79:     1,     Shaft  Scale    2,    Vernier  Scale    3.  Handle 

4.     Sockec  Drive_  5,     Grip  Lock 
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Frame  81 

Torque  wrenches  are  issued  from  supply  to  the  shops  or  tool  cribs 
for  use  when  you  work  on  planes  and  other  critical  equipment  which 
will  be  verified  at  least  once  every  two  months  (60  days).    We  calcu- 
late the  60  calendar  days  from  the  date  of  verification  (see  note 
below) .    For  example,  a  wrench  verified  on  15  Jan  77  will  be  due 
reverification  on  15  Mar  77. 

Note:    Verification  -  a  check  operation  to  determine  accuracy 
or  inaccuracy  of  a  torque  wrench,  using  a  suitable  torque  wrench 
tester.     Calibration  -  actual  adjustment  necessary  to  bring  a 
torque  wrench  into  acceptable  tolerances. 


COLOR  CODED  DATED  TAPE 


Check  (/)  the  correct  statement(s)  below. 

1.      Torque  wrenches  in  the  shc-s  or  tool  cribs  shall  be  verified 
at  least  once  every  two  months  (60  days) . 

A  color  coded  dated  tape  is  fastened  to  the  torque  wrench 
during  verification. 

A  tcrque  wrench  will  always  be  calibrated  before  it  is 
verified. 


Answers  to  Frame  80: 


1. 


✓  2. 


/  4. 
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Frame  82 

The  following  col*  ;s  of  tapes  will  be  used  to  indicate  the  month 
the  torque  wrench  is  due  verification: 


Colors 

Blue 

Red 

Black 

bellow 


Months 
January-May-September 
February-June-October 
March- July-November 
April-August-Decei-ber 


Note-    If  a  torque  tool  is  dropped  or  otherwise  abused,  it  will 
be  verified  and  if  necessary,  calibrated    rior  to  further  use. 

Check  (/')  the  correct  statement (s)  below. 

JL.      The  coded  tapes  will  indicate  the  day,  month  and  year  the 
"~        torque  wrench  was  verified. 

2.  By  looking  at  the  date  and  color  coded  tape,  one  can  determine 
when  the  torque  wrench  is  due  verification. 

3.  Each  color  coded  tape  represents  three  different  months. 
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Answer9  to  Frame  81: 


1.        /  2. 


3. 
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Frame  83  lis* 


Torque  wrenches  are  precision  measuring  instruments.    These  must 
v    h  with  care  and  not  treated  like  some  people  who  just  throw 

be  handled  with  care  ana  not  h    ld  turn  the  grip  to  the 

tension  determines  the  accuracy  of  the  wrencn      xo  storage 
wrench  at  its  lowest  setting  and  then  store  it  in  its  own  sro  g 
container. 

Check  (/)  the  correct  statement (s)  below. 

 1.      Torque  wrenches  are  precision  measuring  instruments. 

 _2.      Torque  wrenches  are  stored  at  their  highest  setting. 

 3.      Torque  wrenches  are  stored  in  tool  boxes. 

 4.      Torque  wrenches  are  stored  at  their  lowest  setting  in 

storage  containers. 


Answers  to  Frame  82; 
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Frame  84 

The  following  are  a  few  precautions  to  observe  concerning  torque 
wrenches: 

1.  An  extension  shall  not  be  used  on  the  grip  end  of  the  handle, 

2.  Torque  wrenches  shall  net  be  used  to  break  loose  previously 
tightened  bolts. 

3.  A  torque  wrench  shall  not  be  used  to  apply  a  greater  amount 
of  torque  than  tne  rated  capacity  of  the  wrench. 

4.  Do  not  attempt  to  change  setting  when  the  handle  is  in  the 
locked  position. 

5.  Do  not  place  an  extension  on  the  square  drive  that  increases 
the  length  of  the  torqac  wrench  without  mathematically  calculating  the 
torque  value  to  set  on  the  handle. 

NO  RESPONSE  REQUIRED 
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Answers  to  Frame  83; 
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2. 


3. 


/  4. 
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Section  VI 


Frame  85 


Now  that  you  have  completed  the  programmed  text  on  hand  tools,  let's 
review  aome  of  the  information  covered  prior  to  taking  the  test. 
Answer  the  following  questions  concerning  the  identification  and  use 
of  handtools  by  circling  the  correct  response. 


1. 


2. 


The  above  handtool  is  called  a 

a.  mallet.  c.    plastic  hammer. 

b.  r ledge  hammer.  d.    ball  peen  hammer. 

What  type  of  hammer  is  frequently  used  to  expand  the  <5nd  of  a 
rivet  in  a  hole? 


a.  Mallet, 

b.  Sledge  hanmer. 


c.  Ball  peen  hammer. 

d.  Plastic  hammer. 


Most  accidents  with  hammers  are  caused  by 

a.  loose  hammer  heads.  c.    greasy  handles. 

b.  sweaty  hands.  d.    all  of  the  above. 


4.    What  type  of  screwdriver  is  used  for  the  above  screw  head? 

a.  Clutchhead  screwdriver.      c.    Common  screwdriver. 

b.  Crosspoint  screwdriver.      d.    Offset  flat  tip  screwdriver. 


5.    What  type  of  screwdriver  is  pictured  above? 

a.  Offset  screwdriver.  c.    Priuce  and  Reed  screwdriver. 

b.  Phillips  screwdriver.         d.    Flat  tip  scrsi?diiver. 


05 

13 


Frame  85  (Continued) 


6       The  size  of  a  screwdriver  is  determined  by- 

«.    tne  size  of  the  blade,  c    the  length  of  the  screwdriver. 

b.    the  size  of  the  handle.  d.    the  combined  length  of  tt* 

blade  and  the  shank. 


7, 


A      B       C  D 

Which  of  the  above  illustrations  shows  the  correct  size  of  screw- 
driver to  be  used? 

c.  C  and  D. 

d.  B  and  C, 


A  and  B« 
A  and  D. 


9. 


What  tool  is  pictured  above? 

a.  Flat  tip  screwdriver. 

b.  Cross  tip  screwdriver. 


c.  Cross  tip  offset  screwdriver. 

d.  Offset  flat  tip  screwdriver. 


The  part  of  the  file  used  when  filing  is  called  the 

a.  file  heel.  ^    filc  tan*- 

b.  file  face.  *•    flle  *olnt- 


10.    The  above  pictured  file  is  called  a 
a.    half-round  file.  c. 


rattail  file. 


d. 


taper  file, 
flat  file. 
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Frame  85  (Continued) 

11.  Rows  of  teeth  on  a  file  that  criss-cross  each  other  are  called  a 

a.  bastard  grade  file,  c.    single-cut  file, 

b.  smooth  grade  file,  d.    double-cut  file. 

12.  A  file  is  properly  used  when 

a.  only  slight  pressure  is  applied  on  the  forward  stroke. 

b.  even  pressure  is  applied  on  both,  the  forward  and  backward 
strokes. 

c.  a  smooth,  firm,  forward  stroke  is  used. 

d.  a  lot  of  pressure  is  applied  on  the  forward  stroke,  slight 
pressure  is  applied  on  the  return  stroke. 

13.  The  tooth-points  on  a  hacksaw  blade  must 

a.  be  coarse  enough  to  straddle  the  work. 

b.  be  very  small  in  order  to  clean  the  chips  away. 

c.  face  backward,  towards  the  handle. 

d.  face  forward,  towards  the  ,ip  of  the  saw. 

i  


14  •  'The  above  chisel  is  called  a 

a.  cape  chisel.  c.    diamond  point  chisel. 

b.  cold  chisel.  d.    drift  chisel. 

15.    To  cut  a  "V"  groove  in  metal,  you  use  a 

a.  diamond  point  chisel.  c.    flat  chisel. 

b.  chassis  chisel.  d.  hacksaw. 
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iFrame  85  Continued) 


16.    The  above  tool  is  called  a 

a.  drift  punch.  c.    center  punch. 

b.  pin  punch.  d.    chassis  punch.  t 


17.  The  above  tool  is  called  a 

a.  drift  punch.  c.    center  punch. 

b.  pin  punch.  d.     chassis  punch. 

18.  To  mark  the  locations  of  holes  to  be  drilled,  you  use  a 

a.  pin  punch.  c    center  punch. 

b.  drift  punch.  d.    chassis  punch. 

19.  Chisels  aM  punches  that  have  become  mushroomed  should  be 

a.  used.  c.    turned  in  for  a  new  one. 

b.  thrown  away.  d.    dressed  on  a  grinding  wheel. 


20.    The  above  pliers  are  referred  to  as 

a.  combination  pliers,    c.    water  pump  pliers. 

b.  wrench  pliers.  d.    conduit  pliers. 


* 


o 


I9SS 

Frame  85  (Continued) 


21.    The  above  pliers  are  referred  to  as 

a,  duckbill  pliers.    y     c.    combination  pliers. 

b.  needle-nose  pliers,    d.    conduie  pliers. 


22.    The  above  pliers  are  often  referred  to  as 

a.  vise  grips.  c,  dykes. 

b.  wrench  pliers.  d.    combination  pliers, 


23.  The  above  pliers  are  often  referred  to  as 

a.  conduit  pliers.  c.    water  pump  pliers. 

b.  cannon  plug  pliers,    d.    wrench  pliers. 

24.  Combination  pliers  are  commonly  used  to 

a.  turn  a  nut.  c.    tighten  a  bolt. 

b.  cut  a  wire.  bend  a  piece  of  metal. 

25.  To  form  loops  in  electrical  wire,  you  would  use 

a.  duckbill  pliers.         c.    wrench  pliers. 

b.  dykes.  d.    needle-nose  pliers. 

26.  Tc  loosen  a  cannon  plug,  you  would  best  use 

a.  w^ter  pump  pliers.      c.    wrench  pliers. 

b.  conduit  pliers.  d.    combination  pliers. 
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Frame  85  ("Continued) 


27.    The  above  tool  is  called  a 

a.  hinge  handle.  e.    "I"  handle. 

b.  ratchet  handle.  d.    speed  handle. 


28.    The  above  tool  is  called  a 

a.    hinge  handle.  c.    "T"  handle. 


b .    ratchet  handle. 


d*    speed  handle. 


29.    The  above  tool  is  called  a(n) 


a.  extension. 

b.  swivel  socket. 


c.  universal  joint. 

d.  shallow  socket. 


(twelve 
<  gripping 

(POINTS 


30.    The  above  socket  will  fit  a 


a.  3/4"  drive. 

b.  3/4"  bolthead. 


c. 
d. 


any  size  bolthead. 

3/4 "  drive  and  3/4"  bolthead, 
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Frame  85  (Continued) 


31.    The  above  tool  is  called  a(n)  J 

a.  universal  joint.  c.  socket. 

b.  adapter.  d.    spark  plug  socket, 


32.    The  above  tool  is  called  a(n) 

a.  open-end  wrench.  c.    combination  wrench. 

b.  box-end  wrench.  d.    adjustable  wrench. 


33 ,  The  above  tool  is  sometimes  called  a(n) 

a.  external  wrench.  c.    box-end  wrench. 

b.  socket  wrench.  d.    Allen  wrench. 

34.  The  best  tools  for  removing  nuts  and  bolts  wherever  possible  are 

a.  adjustable  jaw  wrenches,    c.    socket  wrenched. 

b.  combination  pliers.  d.    open-end  wrenches . 
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Prame  85  (Continued) 

35.    Which  socket  handle  can  be  operated  without  having  to  raise  the 
socket  off  the  nu+  for  another  "bite"? 


a.  Hinge  handle. 

b.  Ratchet  handle. 


c.  Speed  handle. 

d.  "T"  handle. 


16.    To  get  to  a  nut  that  is  located  in  a  hard-to-get-at  place,  you 
would  use  a(n) 


a.  adapter. 


b.    universal  joint* 


c.  "T"  handle. 

d.  speed  handle. 


37.    To  reduce  the  total  number  of  tools  required  t-  be  carried  to  a 
job,  you  would  be  best  to  carry  a(n) 


a.  universal  joint* 

b.  speed  handle* 


c.  adapter. 

d.  extension. 


38.  Which  one  of  the  following  tools  is  best  suited  to  remove  a  nut? 

a.  Box-end  wrench.  c.    Adjustable  jaw  wrench. 

b.  Open-end  wrench.  d.  Pliers. 

39.  Which  one  of  the  following  wrenches  will  yield  the  largest  amount 
of  torque? 

a.  Short-handled  open-end       c.    Adjustable  jaw  wrench, 
wrench. 

d.    Shor?* handled  bcx-end  wrench. 

b.  Long-handled  box-end 
wrench  • 

40.  What  is  the  correct  way  to  use  an  adjustable  jaw  wrench? 

a.  Push  it  toward  the  adjustable  jaw. 

b.  Push  it  toward  the  stationary  jaw. 
c*  Pull  it  toward  the  adjustable  jaw. 
d.    Pull  it  toward  the  stationary  jaw. 
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Prame  85  (Continued) 

41.  To  measure  the  clearance  on  a  spark  plug  gap,  you  would  best 
use  a 

a#      njie.  c.      tape  measure, 

b.      thickness  gauge.  d.      depth  gage, 

42.  To  connect  preiitsulated  terminals  to  conductors,  you  would 
best  use 

a.  wire  strippers,  c.      a  crimping  tool. 

b.  a  knifef  d.      Stakon  pliers. 

43.  The  drill  bit  on  an  electric  drill  is  inserted  in  the 

a.  mouth.  c-  nose* 

b.  chuck.  d-  lock- 

44.  The  automatic-release  torque  wrench  is  referred  to  as  the 

a.  flexible  beam  type  torque  wrench. 

b .  dial  type  torque  wrench. 

c.  screwdriver  type  torque  wrench. 

d.  breakaway  type  toique  wrench. 

45.  600  inch-pounds  is  equal  to 

a.      50  foot-pounds.  c.      10  foot-pounds. 

b^—3trrSot-pounds.  d.      5  foot-pounds. 

46.  Color  coded  tapes  on  torque  wrenches  indicate 

a.  the  torque  value  of  the  wrench. 

b.  the  last  calibration  date. 

c.  the  due  date  of  verification. 

d.  the  due  date  of  calibration. 


Answers  to  Frame 

Question  No       Answer  -^Review  Frame 

1.  -----  c   64 

2.  a   65 

3.  c   66 

4.  b   68 

5.  b  -----  69 

6.  a   70 


Answeis  to  Frame  85 

Question  No       Answer      Review  Frame 

1.  d  2 

2.  c  4 

3.  d  7 

4.  b  10 

5.  d  9 

6.  d  9 

7.  c  13 

8.  d  12 

9.  b  --15 

10.  b  16 

11.  d  17 

12.  c  19 

13.  d  23 

14.  a--  25 

15.  a  26 

16.  b  28 

17.  a  28 

18.  c  29 

19.  d  -  27 

20.  a  32 

21.  b  33 

22.  c  35 

23.  c  36 

24.  d  32 

25.  d  33 


6 


Question  No       Answer      Review  Frame 

26.  b  -■  -  37 

27.  d  43 

28.  b  45  • 

29.  ------  c  48 

30.  b  50 

31.  \  b  51 

32.  -  -X-  -  c  -  •■  57 

33.  d  60 

34.  c  41 

35.  b  --45 

36.  b  48 

37.  c  51 

38.  a  54 

39.  b  55 

40.  -  c  59 

41.  b  64 

42.  c   -  67 

43.  ••  b  69 

hk.  d  73 

h$.  a  80 

h6  c  81 
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Environmental  Pneudraulic  Branch  3ABR42331  - 

Chanute  AFB,  Illinois  12  November  1975 

TORQUE  WRENCH  PERFORMANCE 

OBJECTIVES 

After  completing  this  worksheet  you  will  be  able  to  use  a  torque 
wrench  to  torque  trainer  hardware  to  specified  values. 

EQUIPMENT 

Basis  of  Issue 
Torque  Handle  1/student 
Hardware  and  Hanitool  Trainer  i/stude:it 
9/16"  Socket  Wrench  1/student 
Hinge  Handle  1/student 

PROCEDURES 

1.  You  will  work  cn  the  handtool  and  hardware  trainer  which  has  a 
metal  plate  made  up  of  nine  nut  and  stud  bolt  assemblies. 

2.  Remove  a  large  torque  wrench,  hinge  handle  and  a  9/' 6"  socket 
from  tool  locker  J3. 

3.  Set  the  torque  wrench  in  your  hand  so  you  can  see  the  graduations 
on  the  grip  and  shaft.    Compare  the  torque  wrench  to  the  picture  below  and 
familiarize  yourself  with  the  various  parts,  Cshaft,  grip,  and  lock).  Look 
at  the  shaftc     It  is  graduated  in  increments  of  50,  (i.e.    100    150  200 
250).    These  figures  are  inch  pounds.    Now  look  at  the  grip  index,   'it  is 
graduated  from  0  to  50  inch  pounds  in  increments  of  5  inch  pounds.  By 
turning  the  grip  and  aligning  one  of  the  grip  in'jx  increment  markings  on 
the  centerline  of  the  shaft  increment  markings  we  can  get  any  torque 
setting  we  vant  from  100  to  750  inch  pounds,  to  the  nearest  5  inch  pounds. 
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Figure  1. 


Supersedes  3ABR42231-WB-303,  23  January  1973,  which  may  be  used  until 
existing  stocks  are  exhausted. 
OPR:  TASTC 
DISTRIBUTION:  X 

TASTC  -  150;  TTVGC  -  2 

Designed  for  ATC  Course  Use.    Do  Not  Use  nn  the  Job. 


Slide  the  locking  ring  to  the  rear  to  unlock  the  torque  wrench 

handle. 


5.  Turn  the  hand  grip  clockwise  until  the  "0"  on  the  grip  index 

is  aligned  with  the  200  on  the  shaft.  The  wrench  is  now  set  to  "breakaway 
at  exactly  200  inch  pounds. 

6.  Slide  the  locking  ring  forward  (3ee  figure  1)  to  lock  the  grip  a 
exactly  200  inch  pounds;  this  will  prevent  a  change  in  the  setting  a-  you 
use  the  wrench.    Note  that  it  is  impossible  to  lock  the  grip  if  any  ^  the 
index  lines  are  not  exactly  aligned  with  the  line  on  the  shaft;  i.e.,  it 
will  lock  at  200  inch  pounds  and  at  205  inch  pounds,  but  not  at  201,  202, 
203,  or  204  inch  pounds. 

7.  Attach  the  9/16  inch  socket  wrench  to  the  square  drive  on  the 
end  of  the  torque  wrench. 

8.  Set  yourself  near  the  trainer  so  you  can  comfortably  reach  the 
nine  stud  bolt  and  nut  assemblies. 

9.  Finger  tighten  three  of  the  nine  stud  bolt  assemblies  until  they 
are  JUST  BARELY  SNUG  -  NOT  TIGHT. 


10.    Read  this  entire  frame  before  you  continue. 


a.  Place  the  socket  of  your  torque  wrench  on  one  of  the  three 

nuts. 

b.  Holding  the  torque  wrench  as  shown  in  figure  2,  and  using 

a  very  steady,  smooth  pull,  pull  the  handle  toward  you.    DO  NOT  STOP.  It 
is  important  you  do  not  stop  or  an  inaccurate  torque  will  result.    If  this 
should  happen  -  loosen  the  nut  with  the  hinge  handle  and  start  your 
tightening  procedure  OVER.  jj 

c.  The  wrench  will  sudden}/  ,fbreak-awayM  (it  will  feel  to  you 
as  though  the  wrench  has  slightly  slipped).    DO  NOT  PULL  BEYOND  THIS  POINT. 
It  means  the  nut  has  been  torqued  to  exactly  200  inch  pounds. 

11.    Remove  the  socket  and  torque  wrench  from  the  nut  you  have 
just  torqued. 
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12.    Turn  the  grip  back  until  the  150  inch  pound  index  is  exposed. 


13.    Set  the  grip  to  exactly  175  inch  pounds,  (figure  3).    After  you 
have  done  this,  check  figure  3  to  see  if  your  torque  setting  is  exactly  the 
same.    150  on  the  shaft  scale  plus  25  on  the  grip  index  »  175  inch  pounds. 


f     FTTT1  5  Y\  t§ 


Figure  3. 

14.  Lock  the  grip. 

15.  Torque  one  of  the  remaining  two  nuts  to  the  break-away  point  (175 
inch  pounds).    You  may  go  back  to  any  step  in  this  project  that  will  clear 
up  any  doubts  you  might  have. 

16.  Torque  the  final  (third)  nut  to  exactly  105  inch  pounds  (figure 
4).    Check  the  accuracy  of  your  setting  by  referring  to  the  illustration 
below.    100  on  the  shaft  scale  plus  5  on  the  grip  index  «  105  inch  pounds. 


Figure  4. 

17.  You  have  correctly  torqued  three  bolts;  each  at  a  different 
setting  and  in  each  casa  using  the  proper  procedures. 

i 

18.  Using  the  lunge  handle,  loosen  all  three  nuts  on  the  trainer. 

19.  Take  the  socket  off  the  torque  handle. 

20.  Set  the  torque  wrench  to  its  LOWEST  SETTING.    This  is  important 
since  it  relieves  the  tension  on  the  internal  mechanism  of  the  wrench. 

3 
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21*    Put  the  torque  wrench  back  in  tool  locker  #3-    Case  back  in  the 
tool  cabinet.    Put  the  9/16M  socket  wrench  and  9/16"  hinge  handle  in  the 
locker  also. 

22.    Tell  the  instructor  that  you  have  completed  this  project. 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  the  Avionics  Instru- 
ment Systems  Speciliast,  3ABR32531;  Aircraft  Environmental  Systems 
Repairman,  3ABR42231;  Aircraft  Pneudraulics  Repairman,  3ABR42132 
Courses*    The  materials  contained  herein  were  validated  by  30  stu- 
dents from  the  Avionics  Instrument  Systems  Specialist  Course.  At 
least  90%  of  the  students  achieved  the  objectives  using  a  hardware 
trainer*    Average  time  for  completion  of  this  text  was  one  hour  and 
57  minutes* 


At  the  completion  of  this  programmed  text,  you  should  be  able 
to  complete  the  following  objectives: 

1*      Using  a  hardware  trainer  or  illustration  match  bolts  to 
their  nomenclature.    75%  accuracy  is  required. 

2.  Using  a  hardware  trainer  or  illustration,  match  screws 
to  their  nomenclature.    75%  accuracy  is  required. 

3.  Using  a  hardware  trainer  or  illustration,  match  nuts  and/ 
or  washers  to  their  nomenclature.    Four  of  six  must  be  correctly 
mat  ched • 

A.      Using  a  hardware  trainer  or  illustration,  match  AN  fit- 
tings to  their  nomenclature.    75%  accuracy  is  required. 

5.      Without  the  aid  of  references,  match  aircraft  tubing  and 
hose  to  their  purpose.    75%  accuracy  is  required. 


This  text  is  presented  in  small  steps  called  "frames."  After 
each  frame  you  are  to  select  the  correct  statements,  choose  either 
TRUE  or  FALSE,  or  match  names  of  items  to  nomenclature.    All  answers 
will  be  made  on  provided  answer  sheets,  "NOT  IN  THE  PT,"    After  answering 
the  questions  compare  your  answers  with  the  correct  ones  found  at 
the  bottom  of  the  following  page.    If  your  answer  is  correct,go  to 
the  next  frame*    If  your  answer  was  wrong,  read  the  frame  again  and 
see  how  the  correct  response  was  derived.    READ  VERY  GAREFULLY  Am) 
DO  NOT  HURRY.    This  program    text  was  designed  for  three  courses, 
Environmental  Systems  Repairman,  Pneudraulic  Repairman,  and  Instrument 
^sterns  Specialist.    Due  to  the  difference  of  the  instructional  material 
of  each  course  ENVIRONMENTAL  SYSTEMS  COURSE  DO  NOT  USE  FRAMES  48, 
49  AND  50.    When  you  come  to  the  end  of  the  text,  be  sure  to  use  the 
terminal  frame  designed  for  your  course.    Pneudraulics  use  terminal 
Fraae  51,  Instrument  51A  and  Environmental  5 IB.    At  the  back  of  this 
text  you  will  find  answer  sheet? .    Turn  to  the  back  and  remove  one 
set  now.    Proceed  to  Frame  1  at  the  top  of  the  next  page  and  begin. 


Supersedes  3ABR42231-PT-303A,  etc.,  14  August*  1974.    Previous  editions 
of  thic  PT  can  be  used  until  the  present  stock  is  depleted. 
OPR:  TAS 
DISTRIBUTION :  X 

TAS  -  300;    TTVGC  -  1 


OBJECTIVES 


INSTRUCTIONS 


2 


Frame  1 


Most  bolts  used  in  aircraft  structures  are  classed  as  general 
purpose,  AN  (Army-fcavy) ,  NAS  (National  Aircraft  Standard),  or  MS 
(Military  Standard)  bolts.    These  bolts  are  made  of  aluminum  alloy 
where  lightness  is  needed,  or  of  steel  when  strength  is  needed. 
Before  going  any  further,  study  the  terms  and  their  definitions. 
They  will  help  you  understand  why  so  many  different  types  of  bolts 
are  necessary  in  the  Air  Force. 

1.  STRAIN  -  Strain  is  the  deformation  of  a  material  when 
some  force  is  applied  to  it.    Just  as  you  can  strain  a  muscle  by 
trying  to  lift  a  heavy  weight,  a  bolt  can  be  strained  by  being  over 
tightened . 

2.  STRESS  -  Stress  is  a  result  of  strain.    When  a  bolt  is 
being  strained,  it  tries  to  resist  the  forces  that  cayse  the  strain. 
Stress  is  measured  in  pounds  per  square  inch  (PSI) . 

3.  TENSION  -  Tension  is  the  act  or  action  of  stretching. 
Tension  is  also  a  type  of  stress  which  occurs  when  a  bolt  is  elongated 
or  stretched  in  a  straight  line. 

4.  SHEAR  -  Shear  is  an  action  or  stress  which  causes  a  material 
to  slide  in  a  parallel  plane.    Shear  occurs  when  force  is  applied 

to  a  bolt  from  opposite  sides.     (Think  of  how  paper  is  cut  with  a 
pair  of  scissors.) 

5.  TENSILE  STRENGTH  -  Tensile  strength  is  a  measure  of  the 
amount  of  stretch  or  elongation  a  bolt  can  stand  and  not  tear  apart. 
(Think  of  this  as  resistance  to  stretching  or  a  straight  line  pull.) 

6.  SHEAR  STRENGTH  -  Shear  ccrength  is  a  measure  of  thtf  amount 
of  side  pressure  a  bolt  can  stand  and  not  break  in  two.     (Think  of 
this  as  resistance  to  side  pressure.) 


Force  in  this  direction  causes  SHEAR  STRESS. 


I3i, 
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Frame  2 


Three  general  types  of  be.  u  are:    standard  aircraft  bolts, 
clevis  bolts,  and  eyebolt 

Stand- *d  aircraft  bol     (machine  belts)  are  all-purpose  struc- 
ture* bolts  used  for  g*nera_  applications  involving  tension  or  shear 
loads.    These  bolts  may  or  may  not  have  a  holed  drilled  :n  the  shank 
or  head;  sometimes,  both  the  heed  and  the  shank  are  drilled.  The 
drilled  hole  in  the  head  of  the  bolt  is  used  when  the  bolt  must  be 
salety  wired.    The  hole  in  the  bolt  shank  is  used  when  the  nut  must 
be  secured  by  a  cotter  pin  to  keep  it  from  turning  or  workiug  loose. 


STANDARD  AIRCRAFT  MACHINE  BOLT 


Answer  the  statements  as  true  (T)  or  false  (F). 

1.  Standard  aircraft  machine  bolts  sometimes  have  drilled 
shanks. 

2.  Standard  aircraft  machine  bolts  may  not  be  used  with  safety 
wire. 


Answers  to  Frame  1:    1.    B,      2.  A 
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Frame  3 


The  size  of  a  bolt  is  determined  by  the  diameter  of  the  shank. 
The  else  wrench  to  use  on  it  Is  determined  by  the  distance  acrc«?e 
the  flat  part  of  the  head.    The  length  of  a  bolt  Is  measured  from 
below  .he  head  to  the  end  of  the  threads.    The  grip  length  of  a 
bolt  1*  the  ufa threaded  part  of  the  shank.  s 

Match  the    ames  of  the  different  parts  of  the  bolt  with  the 
tetters. 

1.  Diameter. 


2.  Length. 


3.  Grip, 

4.  Head  (Wrench  Size), 


Answers  to  Frame  2:    1.    Tf      2.  F 
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Frame  A 

The  grip  length  of  a  bolt  should  equal  the  thickness  of  the  material 
it  passes  through.    The  threads  should  not  bear  on  the  material  nor 
should  the  grip  extend  beyond  the  outer  surface  of  the  material. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  A  bolt  with  ~  1  inch  grip  length  may  be  used  to  hold  two 
pieces  of  1/2  inch  material  together. 

2.  A  bolt  with  a  1  inch  grip  length  may  be  used  to  hold  two 
pieces  of  1/4  inch  material  together. 


*7 


Answers  to  Frame  3:    1.    a,      2.    c,      3.    b,      4.  d 


Close-tolerance  hex  head  bolts  are  used  where  the  bolted  joint 
Is  subject  to  severe  load  reversals  and  vibration*    The  shank  of 
this  type  bolt  has  a  very  accurate  diameter  (close-tolerance)  which 
permits  a  very  close  fit  in  a  close- tolerance  hole.    These  bolts 
are  available  as  tensile  bolts  with  drilled  heads  or  drilled  shanks, 
and  as  shear  bolts  with  or  without  a  cotter  pin  hole. 


HEX  HEAD,  CLOSE-TOLERANCE  TENSILE  BOLT  CLOSE-TOLERANCE  SHEAR  BOLT 

Clevis  bolts  are  made  of  steel  and  are  used  in  applications 
subject  to  shearing  stress  only,  such  as  is  shown  in  the  illustration 
below.    Note  that  the  force  exer     '  on  the  bolt  is  crosswise  on  the 
shank.    Clevis  bolts  are  also  used  as  mechanical  pins  in  control 
systems. 


Answer  the  quest! cm. 

1.      Which  bolt  is  used  wt>?v*  resistance  to  shear  is  needed? 

a.  Clevis  bolt 

b.  Plain  head  a5xcraft  holt 

c.  Drilled  head  aircraft  bolt 

d.  Eyeb^lt 


Answers  to  Frame  4:    1.    Tf      2.  F 
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Eyebolts  are  used  to  carry  external  tension  loads  for  the  attach- 
aent  of  devices  such  as  the  fork  of  a  turnbuckle,  a  clevis,  or  a 
cable  shackle. 


1 

— 

o 


80 


Hatch  the  Illustrations  to  the  correct  name  listed  in  the  column 
on  the  right. 


1. 


2. 


3. 


SI 


a. 
b. 
c. 
d. 


Standard  Aircraft  Bolt 
Eyebolt 

External  Wrenching  Bolt 
Clevis  Bolt 


Answer  to  Frame  5:    1.  a 
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Fraae  7 


InUffcnal  wrenching  bolts  are  high  strength  steel  bolts  used  in 
tension/applications  like  bolting  the  wing  on  to  the  fuselage.  The 
bolt/tfole  oust  be  countersunk  to  seat  the  larger  corner  radius  of 
•hank  at  the  head.    If  the  bolt  hole  is  not  countersunk  a 
tial  heat-treated  washer  must  be  used  to  fit  the  head  and  to 
provide  a  good  bearing  area.    A  special  plain  washer,  also  heat- 
treated,  is  used  uader  the  nut  which  is  also  a  special  nut  for  use 
with  these  bolts. 


I 


N 


The  external  wrenching  bolt  has  a  12-point  head.    This  bolt 
has  greater  fatigue  resistance  and  tensile  strength,  than  conven- 
tional bolts. 


Ia  the  statement  TRUE  or  FALSE? 


1.     An  internal  wrenching  bolt  may  be  used  with  any  type  of 
nut. 


Answers  to  Frame  6     L.    d,      2.    a,      3.  b 
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Frame  8 

Natch  the  Illustrations  to  the  correct  name  listed  In  the  column 
x>0  the  right. 


i. 


4. 


a 


0  9 

■  (ot 


E 


a, 


Standard  Aircraft  Bolt 
Eyebolt 


c. 
d. 


External  Wrenching  Bolt 
Clevis  Bolt 


s 


Ansver  to  Frame  7:    1.  FALSE 
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Bolt  heads  are  narked  with  a  code  to  identify  their  physical 
characteristics  and  materials .    Steel  bolts  are  marked  with  an 
asterisk  (*),  letters  from  A  to  Z,  or  numbers  from  0  to  9,  or  any 
combination  of  letters,  numbers,  and  an  asterisk* 


steel  sou 


Aluminum  bolts  are  marked  with  raised  or  recessed  dashes  on 
opposite  sides  of  the  head. 


ALUMINUM  ALLOY  SOU 


Steel  and  aluminum  close- tolerance  bolts  are  identified  by  a 
raised  or  recessed  triangle  on  top  of  the  head. 


0 


CLOSE  TOLERANCE  SOU 


Corrosion  resistant  steel  bolts  are  identified  by  a  single 
raised  or  recessed  dash  on  top  of  the  head. 


oo 


CORROSION  RESISTANT 
STEEL  SOLT 


Some  bolts  may  have  a  combinati&n  of  materials  or  other  char- 
acteristics, and  are  identified  as  shown. 


CLOSE  TOLERANCE 
ALUMINUM  ALLOY  SOU 


CLOSE  TOLERANCE 
STEEL  SOLT 


X  \  CU>%t  TOLERANCE 

1>  CORROSION  RESISTANT 
STEEL  SOLT 


r 


Answers  to  Frame  8:    1.    d,     2.    a,     3.    b,     4.  c 


3-  * 


9 

ERIC 


Frame  9  (Cont'd) 

\ 

Hatch  the  bolt*  by  identifying  marks  with  the  statements  on  the 

left. 


1.     Close  Tolerance  Aluminum  Bolt 


2.     Steel  Bolt 


3.     Corrosion  Resistant  Steel  Bolt 


4,     Aluminum  Bolt 


J45 


b. 


c. 


d. 


e. 


0 
0 


o 


5.     Close  Tolerance  Bolt 


8c£f*»f  fire  the  most  conoon  type  of  fasteners  used  on  aircraft. 
They  dif    ~  rom  bolts  mainly  by  having  a  lovar  material  strength 
and  a  1         aread  fit.    The  different  types  of  screws  have  various 
type  of  »iots  or  recesses.    For  each  type  of  screw  a  particular  type 
of  screwdriver  is  used.    To  prevent  damaging  the  screw  head  and 
the  screwdriver,  always  use  a  screwdriver  thac  will  match  the  slot. 

NO  RESPONSE  REQUIRED 


Answers  to  Frame  9:    1.    d»     2.    c,     3.    e,     4.    b,      5.  a 
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Frame  11 

Flathead  machine  ■crews  are  used  In  countersunk  holes        e  a 
flush  surface  Is  desired.    These  screws  have  various  types  of  screw- 
driver .lots.    Such  as*,  the  Phillips,'  the  Reed  and  Prince  (crosspoints) 
•nd  the  common  slot.    To  recognise  the  Reed  cad  Prince,  look  for  the 
square  cut  corners  of  the  screw  slot  and  the  sharp  point  of  the 
screwdriver.    The  Phillips  gcrew  slot  is  larger  with  curved  corners 
«nd  the  screwdriver  point  is  blunt. 


.  11 

Illii 

PHILLIPS  TYPE 


I 

REED  6  PPINCE  TYPE 


General  Purpose  roundhead  machine  screws ,  .1  ike  flathead  machine 
screws,  are  made  from  different  materials.    They  may  have  coarse  or 
tine  threads  and  slotted  or  recessed  heads.    Brass  roundhead  machine 
screws,  with  a  slotted  head  are  for  electrical  use  only. 


Answer  to  Frame  10:    None  Required 
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Frame  11  (Cont'd) 


Anwar  the  questions,  by  supplying  the  information  required, 
or  by  indicating  TRUE  or  FALSE. 


2. 


A  flethead  machine  screw  is  used  in  a  _ 
hole  where  a  flush  surface  is  required. 


A  brass  roundhead  machine  screw  is  designed  for  general 
purpose  use . 


9 
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Frame  12 

Fillister  head  machine  screws  are  used  as  general  purpose  screws* 
The  head  are  usually  drilled  for  safety  wire.    Fillister  head  screws 
are  made  of  steel  and  brass,  and  bar*  coarse  or  fine  threads. 


mo 


(D  (gnnni  Q  iiiiiiiiiiiiiinii 


The  washer  head  screw,  while  not  a  machine  screw,  is  used  in 
much  the  same  way  that  structural  bolts  and  rivets  are  used.  These 
screws  have  a  high  tensile  strength  and  differ  from  structural  bolts 
only  in  the  type  of  head.  ' 


WASHER  HEAD  SCREW 
Complete  the  statement. 

1.     The  type  of  screw  which  has  a  drilled  head,  for  safety- 
wiring,  is  the 

a.  washer  head  screw. 

b.  flathead  machine  screw. 

c.  fillister  head  machine  screw. 

d.  roundhead  machine  screw , 


An»wera  to  Frame  11:    1.    counters  ..k,      2.  FALSE 
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Frame  13 

Self-tapping  screws  tap  their  own  threads.    The  screw  should 
be  used  In  untapped  or  punched  holes  slightly  smaller  than  the*1>ut- 

slde  diameter  of  the  screws. 

/ 

*  Self-tapping  sheet  metal  screws  are  used  for  attaching  sheet 
metal  for  rivet  ng  and  for  permanent  assembly  of  nonstructural  assemblies. 
Sheet  metal  screws  are  hardened  for  use  on  steel  or  aluminum  sheets* 
They  may  also  be  used  on  plastic. 


IN  OftlLLEO 
OH  CLEAN 
PUNCHED 
HOLES 


IN  PIERCE 

PUNCHEO 

HOLES 


in  cur 

COUNTERSUNK 
HOLES 


IN  CASTINGS 

PLASTICS, 

ETC. 


IN  CLEARANCE 
HOLES  Of 
LINE  CLAMPS. 
FAIR  LEADS.  ETC 


Unlng  Shut  M«fo/  Screws 


Is  the  following  statement  TRUE  or  FALSE? 

I.      In  a  permanent  installation,  sheet  metal  screws  must  be 
used  in  tapped  holes  or  with  self-locking  nuts* 


Ansv«f  'to  Frame  12 :    1 .  c 
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#  Frame  14 

Drive  screws  are  self-tapping  screws  used  to  attach  nameplates 
to  castings.    The  screws  are  also  used  to  seal  drain  holes  In  flat 
structures.    They  differ  from  othnr  s^f-tapplng  screws  In  that  the 
heads  are  not  formed  to  fit  screwdrivers.    They  are  not  designed 
to  be  removed  after  installation.    Drive  screws  are  installed  by 
driving  the  screw  into  a  hole  with  a  hammer. 


ROUNDHEAD  DRIVE  SCREW 

Complete  the  statement . 

1.      The  correct  tool  for  installing  a  drive  screw  is 

a.  Phillips  screwdriver. 

b.  Reed  and  Prince  screwdriver. 

c.  common  screwdriver. 

d.  .  hammer. 


Answer  to  Frame  13:    1.  FALSE 
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Frame  15 


Match  Ifche  screws  with  the  correct  nomenclature. 

1.  Machine  Scre*>,  Flathead. 

2.  Machine  Screw,  Fillister  Head. 

3.  Self-Tapping  Sheet  Metal  Screw. 

4.  Drive  Screw. 


TTTT 


• 


Answer  to  Frame  14  :    1 .  d 
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Frame  16 


Quick  release  fasteners  are  used  on  aircraft  access  panels, 
plates,  etc.  where  quick  or  frequent  access  is  necessary.    The  two 
types  of  fasteners  are  the  turnlock  (Dzus)  and  Camlock.    The  ad- 
vantage of  these  fasteners  is  that  one-quarter  turn  locks  or  unlocks 
them. 

Turnlock  fasteners  (see  illustration  "A")  are  made  to  be  used 
on  cowling  (engine  covering)  and  access  doors,  where  there  is  no 
structural  stress  required. 

Camlock  fasteners  ( see  illustration  "B")  are  of  high  strength 
and  are  used  i    some  areas  on  access  panels  and  doors  where  some 
stress  is  required. 


Answer  the  statements  as  true  (T)  or  false  (F) . 

lw      Fasteners  are  used  where  frequent  and  quick  accesses  are 
required , 

2,      Turnlock  fasteners  can  carry  high  structural  stresses. 


Answers  to  Frame  15:     1.    c,      2.    b,      3.    d,      4,  a 
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Frame  17 


Select  the  correct  answer. 

1.  What  t/pe  of  screw  is  used  to  attach  panels  to  aircraft 
where  there  is  a  threaded  hole  in  the  aircraft? 

a.  Machine  screw 
be      Drive  screw 

c.  Sheet  metal  screw 

d.  Crosspoint  screw 

2.  The  type  of  machine  screw  which  has  a  drilled  head  for 
securing  safety  wire  is  the 

a*  flat head  machine  screw. 

b.  washer  head  structural  screw. 

c.  roundhead  machine  screw. 

d.  fillister  head  machine  screw. 

3.  For  quick  access  panels,  cowling  and  plates  are  secured 
to  the  aircraft  with 

a*  flathead  machine  screws. 

'    b.  sheet  metal  screws. 

c.  fasteners. 

d.  fillister  head  machine  screws. 

4.  A  screw  that  has  high  tensile  strength  and  is  used  in  the 
primary  structure  of  aircraft  is  the 

a.  sheet  metal  screw. 

b.  drive  screw. 

c.  crosspoint  screw. 

d.  washer  head  screw* 


Answers  to  Frame  16:     1.    T,      2.  F 
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Frame  18 

The  more  common  forms  of  screw  threads  are  known  as  unified 
national  and  American  national  taper  pipe  thread.    Unified  national 
screws  are  made  with  coarse,  fine,  and  extra  fine  threads.  See 
the  illustration  below. 


Screw  Thread  Forms. 


0  UNIFIED  NATIONAL  SCREW  THREAD 


®  AMERICAN  NATIONAL  TAPER  PIPE  THREAD 

Answer  the  following  TRUE  or  FALSE. 

1.      The  unified  national  screw  thread  has  a  taper. 


Ansver9  to  Frame  17:    1.    a,      2.    d,      3.    c,      4.  d 
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Frame 

Pl^Sut,  are  not  self-locking.    *-*»J^£  ^vice 
they  shall  bTTocked  with  some  type  of  locking  device, 
can  be  a  checknut  or  lockwasher . 

Safetying  by  Use  of  Nuts. 


CHCf ft  Mgt 

■  HAM  «UT 
fVAiN  KWSMCM 


A  checknut  is  a  type  of  plain  nut  "^J* 
They  are^lsoTsed  as  locking  devices  f or  jet  scr ew.  and  ^ 
rod  ends.    Shown  are  two  ways  checkouts  are  used.^  ^  ^  ^ 
lustrations  above  and  below.    Checwauts  « 


Is  the  following  statement  TRUE  or  FALSE? 

1       An  alternate  method  of  locking  (safetying)  a  nonself-locking 
plain  nut  is  through  the  use  of  safety  wire. 


CHECK  NUT 


Answer  to  Frame  18:  1. 


FALSE 
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Castellated  nuts  are  uaed  on  drilled  shank  bolts,  clevis  bolts, 
and  drilled  head  studs.    These  nuts  can  be  secured  with  cotter  pins 
or  safety  wire.    The  multiple  slot  arrangement  permits  proper  ad- 
justment of  tension  with  the  correct  alignment  of  slots  and  holes. 


CASTELLATED  NUT 

The  illustration  below  shows  how  to  use  a  cotter  pin  to  secure 
a  castellated  nut.    Shear  nuts  are  also  made  for  use  with  devices, 
such  as:    clevis  bolts  and  threaded  taper  pins  that  are  subjected 
to  stress  instead  of  tension.    A  shear  nut  has  at  least  three  threads 
below  the  caste Hat ions.    Shear  nuts  are  thin  and  are  available  in 
the  self-locking  style. 

corn*  fin 

CASTCLLATCG  NUT 
PLAIN  WASHCft 


Safetying  by  Use 
of  Cotter  Pins. 

The  wingnut  is  used  where  the  desired  tightness  is  obtained  by 
the  use  of  the  fingers  and  where  the  assembly  in  frequently  removed. 
When  safetying  of  this  nut  is  required,  a  hole  i*  drilled  through 
one  of  the  "wingp"  and  secured  with  safety  wire. 


wmo  NUT 


Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  correct  use  for  a  castellated  nut  is  with  a  drilled 
head  bolt. 

2.  A  shear  nut  is  most  generally  used  with  a  clevis  bolt. 

3.  Wing  nuts  are  used  where  the  desired  tightness  is  obtained 
by  the  use  of  the  fingers. 


SHEAR  NUT 


Answe-  to  Frame  19:    1.  FALSE 

25 


Proa  21 

Hon— talllc  type  self-locking  nuts  have  a  nylon  insert .  The 
Insert  has  a  smaller  inside  diameter  than  that  of  the  bolt.  The 
nylon  puts  a  locking  force  on  the  bolt. 


ex  : 

b 

1  THREADED  NUT  CORE 

2  NUT  CASE 

3  K£Y  WAY 

4  LOCKING  SHOULOER 

Monmetallic  self- locking  nuts  shall  not  be  subjected  to  tempera- 
tures in  excess of  250  degrees  Fahrenheit.    As  illustrated  in  the 
diagramT  self-locking  nuts  are  available  in  thick  or  thin  styles . 


THICK  TMIN. 

SELF  LOCKING  NUTS 

All  metal  self-locking  nuts  are  similar  to  nonmetallic  self- 
lockinFnuts  except  the  type  of  insert.    The  nuts  are  used  where 
temperatures  are  extremely  high  (3060°F.    Exhaust  section  of  Jet 
engine) .    The  all-metal  self-locking  nut  has  threads  out  of  phase 
.  pinched  in  at  the  top  to  bind  the  bolt  and  maintain  tightness . 

tiev  self-locking  nuts  must  be  used  each  time  components  are 
installed  in  critical  areas  throughout  entire  aerospace  vehicle 
including  all  flight,  engine,  turbopropeller ,  and  fuel  control 
linkage  and  attachments. 


Answers  to  Frame  20:    1.    F,      2.    T,      3.  T 
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Frame  21  (Cont'd) 

Complete  the  statement* 

1.     The  type  of  nut,  which  oust  not  be  used  in  applications  where 
the  temperature  is  above  250  degrees  Fahrenheit,  is  the 

*•  castellated  nut. 

b.  all-metal  self-locking  nut. 

c.  nonmetalllc  self-locking  nut. 

d.  plain  nut. 


27 
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frame  22 


Match  the  descriptions  on  the  right  vith  the  names  on  the  left. 


1.  Ncnmetallic  self-locking 
nut 

2.  Castellated  nut 

3#      All  metal  self -locking 
nut 

4.      Plain  nut 


a.  has  slots  at  the  top  to 

be  used  with  drilled  bolts 
with  a  cotter  pin  to  main- 
tain its  position. 

b.  has  threads  out  of  phase 
or  pinched  in  at  the  top 
to  bind  on  the  bolt  and 
maintain  tightness, 

c.  requires  an  auxiliary  lockin 
device,  such  as  a  check- 
nut  or  lockwasher. 

d.  has  a  nylon  insert  at  the 
top  to  bind  on  the  bolt 
and  maintain  tightness. 


o 


ERIC 


Answer  to  Frame  21:    1.  c 
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Frame  23 


flfiln  nut  a  nt  uiid  for  blind  mounting  and  for  easier  mainte- 
rv«nc«.    They  can  be  either  self-locking  or  plain.    They  art  made 
in  a  vide  range  of  sizes  and  shapes.    Ona  lug,  two  luge,  and  right- 
angle  shapes  are  made  to  fit  varioue  nut  locationa.  Floating-type 
mi££  give  a  controlled  amount  of  nut  movement  to  compenaate  for 
eubeeeembly  miaallgnment  during  installation. 


Ganj  channel  nuts  are  used  where  anchored  nuts  must  be  equally 
spaced  around  openings.    Some  examples  are  access  and  inspection 
doors  and  removable  leading  edges.    Straight  or  curved  channel 
atripa  give  a  vide  range  of  nut  spacing.    They  are  a  multiple  nut 
unit  that  haa  all  advantages  of  float-type  nuts.    They  are  self-locking. 

Answer  the  statements  as  true  (T)  or  false  (F) , 

1.  Plate  nuts  are  used  for  mountings  that  are  easy  to  reach. 

2.  A  float-type  nut  has  some  movement  to  compensate  for  mis- 
alignment of  subassemblies, 

3.  Gang  channel  nuts  are  anchored  and  equally  spaced. 


Answers  to  Frame  22:    1.    d,      2.    a,      3.    b,      4.  c 
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Frame)  24 


Instrument  mounting  nuts  arc  used  for  front  mounting  of  air- 
craft instruments.    The  nuts  may  be  put  in  the  instrument  for  rear 
mounting  (see  illustration  "B").    The  nut  is  made  of  nonaagnetic 
material  and  is  used  Just  with  a  standard  instrument  mounting  screw, 
size  6-32.    The  names  of  the  parts  of  the  nut  are  shown  in  illustration 
"A".    There  are  several  shank  lengths  to  fit  the  different  panels  and 
bezel  thicknesses.    Illustracions  "C"  through  "F"  shows  how  a  nut 
Is  put  in  the  instrument  panel. 


PANEL 


NUT  PROJECTION 


FLOATING 
NUT 


"A" 


ft 

Answers  to  Frame  23:    1.    F,      2.    T,      3.  T 
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Frame  24  (Cont'd) 

Answer  the .statements  as  true  (T)  or  false  (F) . 

1.      Instrument  mounting  nuts  come  in  several  sizes. 

Instrument  mounting  nuts  can  be  used  on  front  mounted 
instruments  only.  f 

3.  Instrument  mounting  nuts  are  available  in  several  different 
shank  lengths. 

4.  Instrument  mounting  nuts  that  are  attached  to  the  instru- 
ment would  require  the  instrument  to  be  rear  mounted. 


31 


Frame  25 

Th«  types  of  washers  used  in  aircraft  structures  are  plain  washers, 
lockwashers,  and  special  washers. 

Plain  washers  are  used  under  nuts  to  provide  a  smooth  bearing 
surf.c7~ TheFc^  be  used  as  shims  to  adjust  the  P°siiton  of  castel 
lated  nuts  with  respect  to  drilled  cotter  pin  holes  in  bolts.  They 
."also  used  under  lockwasners  to  prevent  damage  to  surfaces  of  soft 
material.    ^  * 


THICKNESS  "H  f~ 


INSlOE  OUTSIDE 
DIAMETER  DIAMETER 


THtCKNESS- 


mnc  outsioe 

DIAMETER  DIAMETER 


PLAIN  WASHER 


Complete  fhe  statement. 

1.      Plain  washers  are  use#under  nuts  to 

a.  prevent  a  galvanic  action  from  dissimilar  metals. 

b.  provide  a  smooth  bearing  surface. 

c.  prevent  loosening  of  threaded  fasteners. 

d.  act  as  shims  between  the  threads  of  bolts  and  nuts. 


Answers  to  Frame  24:     1.    F,      2.     F,      3,    T,      4.  T 
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Frame  2t 


or 


-WIOTH 


1 


INSIDE 
OUMETER 


1      /p^  outside  d 

1  i^rZi!^""  8 

r  u 


THICKNESS-lr 
LOCKWASHER 


Complete  the  statement. 

1.      Lockvashers  are  used  with  plain  nuts 

SpHcW1!^0^8  "  C3Stellated  ^  -ts  are  not 
b.      on  primary  and  secondary  structures, 
c      in  soft  metals  without  pUin  washers, 
d.      on  exposed  s-faces  subject  to  airflow. 


Answers  to  Frame  25:     l.  b, 
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Frame  27 

Some  types  of  lockwashers ^have  internal  or  external  teeth. 
The  teeth  are  twisted  slightly  to  provide  a  locking  effect  when 
tightened. 


insioc 
oiameter 


-II—  THICKNESS 


INSIOC 
OIAMETER 

A 


OUTSIDE 
OlAMtfER 


THICKNE 


INTERNAL  T£CTH 


EXTERNAL  TEE""H 


LOCKWAfHER 

There  are  many  types  of  special  washers,  used  in  various  ap- 
plications.   'Some  special  washers  are  shown  in  the  diagrams  below. 
These  are  finishing  washers,  phenolic  fiber  washers  and  tab  type 
washers*.  On  the  tab  type  washer  one  or  more  of  the  tabs  are  bent 
up  against  the  tightened  nut  to  prevent  it  from  loosening. 


.    INSIDE  _j 

[diameter 


j—  THICKNESS 

INSCE 
DIAMETER 


SECTION  A-A  A 
COUNTERSUNK  TYPE,  FINISHING  WASHER 


b 


OUTS»DE 
"DIAMETER 


THICKNESS— i  h- 
FLAT,  PHENOLIC  FIBER  WASHER 


thickness  - 
TAB  TYPE  WASHER 


NO  RESPONSE  REQUIRED 
Answer  to  Fr*me  26:     1.    a  34 
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Frame  28 


Cotter  pins  are  used  to  secure  bolts,  screwn,  castellated  nuts, 
and  pins.    £  cotter  pin  is  a  f,split,f  metal  pin  that  is  put  in  a 
hole  and  then  spread  apart,  one  half  each  way.    Cotter  pins  are  used 
for  they  can  be  removed  and  installed  quickly.    Cotter  pins  are  made 
in  various  lengths  and  diameters.    The  size  of  a  pin  should  be  the 
largest  size  tnat  will  fit  in  a  cotter  pin  hole  and/or  the  slots  in 
a  nut.    The  following  diagrams  show  some  of  the  types  of  cotter  pins 
and  methods  of  securing  them. 


Answer  to  Frame  27:    None  Required 
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Frame  28  (Cont'd) 

Answer  the  question. 

1.      What  is  the  purpose  of  the  cotter  pin  installed  as  shown 
in  the  diagram  below? 


a. 

b. 

c. 
d. 


To  keep  the  nut  from  wobbling  and  thereby  ruining 
the  nut  threads. 

To  hold  the  bolt  in  place. 

To  keep  the  nut  from  damaging  the  bolt  threads. 
To  keep  the  nut  from  loosening. 
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Th«  tumbuckle  used  to  adjust  the  tension  on  aircraft  cables. 
It  ha^a  biass  barrel  with  right-hand  threads  in  one  ^*°*™£m 

rhrte^^ 

Toi/     ^/litJ  theTeit  and  right-hand  thread,  in  the  barre 1. 
turning  the  barrel  one  way  will  tighten  both  ends  and  the  other  way 
will  loosen  both  ends* 


ft*  TMftUO 


K,  THMtAO 


BARREL 


FORK  «N  EYE  CABLE  EYE 

Match  the  letters  to  the  names  on  the  left. 

1.  Barrel.  ^ 

2.  Pork  End. 


CHS 


Oft 

Jl 


3.      Cable  Eye  End. 
Answer  the  question. 

A.      What  is  the  designed  use  of  a  tumbuckle? 

a.  Holt*    two  pieces  of  metal  securely  together. 

b.  Used  to  safety  a  cable  connection. 

c.  To  determine  if  a  bolt  has  left  or  right-hand  threads. 

d.  Used  to  adjust  cable  tension. 


Answer  to  Frame  28:     1.  d 
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Frame  30 

Flexible  hose  and  flexible  hose  assemblies  are  used  when  there 
is  an  excessive  amount  of  vibration.    They  are  also  used  when  the 
units  they  connect  moves  during  flight. 

Flexible  hose  is  marked  with  a  series  of  dots,  dashes  and  let- 
ters (as  shown  below).    These  markings  are  used  for  identification. 
The  markings  are  color  codid  to  show  different  types  of  hose.  The 
markings  on  the  hose  show  several  things:    manufacturer,  the  military 
specification,  the  size,  and  the  date  it  was  rade.    The  size  of  the 
hose  is  the  inside  diameter  measured  in  sixteenths  of  an  inch.  The 
manufacture  date  is  shown  by  the  quarter  of  the  year  and  year  the 
hose  was  made. 


RED  NUMERALS.  LETTERS  ANO  STRIP! 


UlhUaling,  Afomattc-R*s/sf0itf  Host, 


S5W-  6-4/57  MfiSimU 


YELLOW  NUMERALS*  LETTERf  AND  STRIPE 

,faM«/f-S««//*f,  A#»Mf/c-JUs/tf«ftt 
H»s«,  MUimrf  S^c/f/ccf  fen  MiL-H-5593 
(HOT  HEAT  REVSTAH7) 


WHITE  NUMERALS,  LETTERS  AND  STRIPE 


REO 


(V*WS  SHOWING  OPPOSITE  SIDES  OP  HOSE) 
Ho*99tf  Uoli*g,  Atom* Jc-       H#*tR« i» tint  Hot«#  Kilifry  SpicMcatiori  MIL-H-6000 

NO  RESPONSE  REQUIRED 


Answers  to  Frame  29:    1.  b, 


3.  a, 


4.  d 
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Like  the  flexible  hose,  tubing  Is  measured  In  sixteenths  of  an 
inch.    However,  tubing  is  measured  on  the  outside  diameter.    If  a 
tube  is  1/2  inch  in  diameter  it  would  be  referred  to  as  a  number 
8  tube.    This  is  because  1/2  inch  is  8  sixteenths  of  an  inch.  Tubing 
size  varies  from  1/8  inch  to  2  1/4  inches.    This  is  shown  as  a  number 
2  to  a  number  36. 

Is  the  following  statement  TRUE  or  FALSE? 

1.     A  number  6  fitting  would  be  used  with  3/8  inch  OD  tubing. 


Answer  to  Frame  30:    None  Required 
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The  tubing  used  In  aircraft  systems  Is  made  of  aluminum  alloy. 
Aluminum  tubing  Is  light  and  can    a  formed  and  bent  easily;  therefore, 
care  bus*  be  taken  In  handling  It  so  that  It  will  not  be  damaged. 
Corrosion  resistant  steel  tubing,  Is  stronger  but  not  as  easily  formed, 
Is  used  on  hydraulic  systems  operating  at  3,000  psl  or  higher. 

Tubing  size  Is  found  by  measuring  the  outside  diameter  (OD)  In 
sixteenths  of  an  Inch.    The  top  half  of  the  fraction  Is  the  tubing 
slse  number.    Example:    A  1  Inch  OD  tube  Is  called  number  16  tubing. 
1M  -  16/16ths  -  #16  tubing.    7/8  Inch  tubing  Is  number  14  tubing  7/8" 
•  14/I6ths  -  #14  tubing. 

Hatch  each  a±ze  tubing  the  outside  diameter  measurement  on  the 


right. 

1. 

Number  4  tubing 

a. 

5/8" 

OD 

2. 

Number  6  tubing 

b. 

1/4" 

OD 

3. 

Number  8  tubing 

c. 

1/2" 

OD 

4. 

Number  10  tubing 

d. 

3/4" 

OD 

5. 

Number  12  tubing 

e. 

3/8" 

OD 

Hatch  the  outlsde  diameter  measurements  on  the  left  vith  the 
tubing  sizes  on  the  right. 


Frame  33 


# 


1. 


1  1/2"  OD  tubing 


a. 


Number  1  1/2  tubing 


2. 


1  1/4"  OD  tubing 


b. 


Number  16  tubing 


c. 


Number  1  1/4  tubing 


Number  20  tubing 


Number  24  tubing 


Answer  to  Frame  31:    1.  TRUE 
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The  .i»  of  a  fitting  is  determined  by  the  outside  diameter  of 
the  tubing  to  which  it  connects. 

The  Air  Force  use.  two  type,  of  ^Jf-*^^ 
fittings,  end  MS  FLARELESS  fittings.    AN  fittings  have  a a 
i  ievSed  edge  to  fit  the  flare  of  the  tubing  and  to 
wheTtht  tubJng  nut  is  drawn  tight.    Tubing  u.e  wi  th  * fittings 

1.  not  flared.    Whan  the  tubing  nut  is  "ghtenea  on 

2.  i.  wed^d  *tv..n  *  -g-*" ««23  ^4u.  .ill 
■Ml.    The  torque  on  MS  fittings  i»  "ll 

cauae  them  to  leak. 

Match  the  two  illustrations  with  the  correct  name. 

1.  AM  fitting. 

2.  MS  fitting. 


Answer  the  questions. 

3.  What  type  fitting  is  used  with  tubing  that  is  not  flared? 
»r    AN  fitting 

b.  MS  fitting 

c.  Both 

d.  Neither 

4.  What  type  fitting  i8  used  with  flared  tubing? 

a.  AN  fitting 

b.  MS  fitting 

c.  Both 

d.  Neither 


Answers  to  Frame  32: 
Answers  to  Frame  33: 


1.  b, 
I.  e, 


2.  e, 
2.  d 


3. 


A.    a,      5.  d 
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f££!*34  (Cont'd) 

Match  the  illustrations  with  the  correct  uses. 

5.  Used  when  tubing  is  not  flared.  * 

6.  Connects  different  sized  tubing. 

7.  Used  with  flared  tubing. 

8.  Connects  two  tubes  of  the  same  size. 


C. 


(UNION)  (REDUCER) 


Frame  35 

,ltti„,  t^.  and  -crUl  ^^J^^TiU- 
*,  fitting*  ate  blue.  St.. AJM  £       f^^,  are  dat*  yellow, 
tings  are  g-ay  or  light  yenow.    au  fittings  are  used 

Zl  fittings  are  not  i««rch.ng£ 1..    Steel  fitt^  ^ 
for  high  pressure  where  aluminum  fitting,  wi      ^  ^  ^ 
must  have  flared  tubing  while  Mb  ntcing 

Match  the  identifying  color  with  each  type  fitting. 

,     a     m  f^tine  a-      Dark  yellow 

1,      MS  aluminum  lit ting. 


2.  AN  aluminum  fitting. 

3.  MS  steel  fitting. 

4.  AN  steel  fitting. 


b .  Blue 

c.  Gray  or  light  yellow 

d.  Silver 

e.  Black 
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Frame  36 


Match  the  information  below. 

1.      Connect!  different  sized  tubing.  a.  Reducer 

2%      Used  wherj  tubing  is  flared.  b.  Union 

3.  Connects  two  pieces  of  the  same  c.     MS  fitting 
else  tubing 

d.     AN  fitting 

4,  Used  with  flareless  tubing. 

Frame  37 

Match  the  illustrations  to  their  names. 
1.      AN  fitting. 
2«      ffi  fitting. 

3.  Union, 

4 .  Reducer . 


Answers  to  Frame  34:  1.  a>  2.  b,  3.  b,  4.  a,  5.  d, 
6.    c,      7.    a,      8.  b 

Answers  to  Frame  35:     1.     C)      2.    bt      3.     a,      4,  e 
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Fraae  38 

.  AN  standard  fittings  should  be  used  in  preference  to  all  other 
fUrad  fittings.    Fitting  sizes  must  match  to  the  she  of  tub?ng  they 
ara  usad  with.    Tubing  fittings  have  either  tapered  pLpe  threads 
or  straight  threads.    Pipe  thread  fittings  are  made  in  a  cone  shape. 
Straight  threads  are  the  same  In  diameter  the  entira  length  of  the 
threads • 

The  hole  the  pipe  thread  fitting  goes  into  is  tapered  like  the 
fitting.    As  the  pipe  thread  fitting  is  screwed  in,  its  threads 
seal  against  the  threads  of  the  hole. 


Answers  to  Frame  36:  1.  af  2.  d,  3,  b,  4.  c 
Answers  *o  Frame  37:    1.    a,      2.    bf      3.    af      4.  c 
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Frame  39 


Fitting  types  and  materials  are  Identified  by  color.    AN  aluminum 
fitting  are  blue .    AN  steel  fittings  are  black.    Aluminum  bronze 
fittings  are  cadmium  plated  and  are  not  otherwise  colored.  These 
fittings  are  not  Interchangeable,  because  If  two  dissimilar  (unlike) 
metals  are  brought  together  they  will  corrode.    Corrosion  can  cause 
a  potential  fire  hazard  in  the  presence  of  oxygen,  or  a  weakness  in 
the  metal. 

Match  the  identifying  color  with  each  type  of  fitting. 

1.  AN  aluminum  fitting.  a.     Dark  yellow 

2.  AN  steel  fitting.  b.  Blue 


c.     Gray  or  light  yellow 


d.  Silver 


e.  Black 


Answer  to  Frame  38:    None  Required 
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Tttmm  40 


A  flare  and  a  sleeve,  with  a  nut,  are  used  when  connecting  straight 
threads  to  tubing.    The  sleeve  is  used  to  seal  the  tubing  to  the  nut 
and  to  the  fitting.    The  nut,  of  course,  is  used  to  connect  the  tubing 
to  the  fitting.    The  nipple  is  used  to  connect  a  piece  of  tubir0  to 
a  device  having  pipe  threads. 


p 


Pipe 

thTMd 


Sleeve:  Nut: 

Coupling. 


Bevelled  surfs ce  mete, 
with  feared  tubing 

Straight 
thread 


Nipple 


The  flared  tubing  fittings  most  commonly  used  in  the  tubing  systems 
of  aircraft  is  the  coupling  nut  and  sleeve. 

NO  RESPONSE  REQUIRED 


Answers  to  Frame  39:    1.    b,      2.  e 
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Frame  41 

Match  the  fittings  to  the  descriptions. 


1.  Nipple,  flared  tubing  to  pipe. 

2.  Nipple,  pipe  thread  on  both  ends. 

3.  Union,  flared  tube. 

4.  Coupling,  irternal  pipe  thread. 


Answer  to  Frame  40 :    None  Required 


Framed 

la  this  and  the  following  frames  you  will  be  shown  various  AN 
fittings.    You  may  well  encounter  these  fittings  at  a  later  time 
in  the  performance  of  your  job.    Study  the  illustrations'. carefulxy 
Then  you  will  demonstrate  your  ability  to  identify  these  fittings. 
Let's  see  how  well  you  do  with  the  following. 

Match  the  fittings  to  the  descriptions^ 


c . 


1.  Elbow,  90°  flared  tube. 

2.  Elbow,  90°  internal  and  external  pipe  threads. 

3.  Elbow,  90°  internal  pipe  threads. 
A.  Elbow,  90°  flared  tube  to  pipe. 


Answers  to  Frame  41:    1.    c,      2.    b,      3.    a,      A.  d 
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Frame  43 


Match  the  illustrations  with  their  correct  descriptions, 


SIDE 


-RUN 


1.  Bushing,  reducer, 

2.  Tee,  flared  tube. 

3.  Elbow  45°  internal  ana  external  pipe  threads 

4.  Tee,  flared  tube,  pipe  thread  on  side. 

5.  Elbow  45°  flared  tube  to  pipe. 

6.  Tee,  flared  tube,  pipe  thread  on  the  run. 


Answers  to  Frame  42:    1.    d,      2.     c,      3.    b,      4.  p 
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Frame  44 

Bulkhead  and  universal  fitting  combinations  can  be  mounted, 
solidly  to  a  bulkhead  or\  component  with  one  outlet  adjusted  to 
any  angle,    "Bulkhead"  means  that  the  fitting  is  long  enough  to 
go  through  a  bulkhead.    Universal1'  means  that  the  titting  can 
be  Set  at  any  angle,  using  a  universal  fitting  bolt. 

When  installing  a  bulkhead  fitting,  a  jam  nut  is  used  to  hold 
the  fitting  securely  in  the  bulkhead.    This  is  shown  in  the  fol- 
lowing illustration.    Fittings  with  evidence  of  visible  damage, 
(•tripped  threads,  deep  gouges  and  nicks,  wrench  jaw  marks,  etc) 
will  be  replaced. 

Match  the  fittings  to  the  correct  name, 

UNIVERSAL 


i. 

Belt,  universal  fitting. 

2. 

Tee,  flared  tube,  bilkhead. 

3. 

Elbow  90°,  flared  tule,  bulkhead. 

4. 

Union,  flared  tube,  extra  l°-gth,  fjr  mounting  in  a  bulkhead. 

5. 

Elbow,  90°  universal. 

6. 

Elbow,  45°. 

Answers  to  Frame  43:  1.  b,  ?.  c,  3.  d,  4.  f,  5.  e, 
6.  a 
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Code  bands  of  varicolored  tape  are  attached  to  the  tubing  through- 
out the  ai -craft.    These  bands  are  placed  near  the  joints  and  quickly 
identify  the  content  and  danger  when  working  on  or  around  these  tubing. 

A  chart  showing  some  oi  the  color  coding  for  tubing  systems  is 
shown  above.    This  chart  can  be  found  in  the  appropriate  technical 
orders. 

Match  the  color  code  to  the  systems  listed  below. 

a .  Gray 

b.  Blue-yellow 

c .  Brown~gr**y 

d.  Green 

e.  Yellow 

f .  Red 

g.  Brown 

h.  Red-blue 


1. 

2. 
3. 
4, 
3 . 
6. 
7, 
8. 


Fire  protection. 
Lubrication 
Breathing  oxygen. 
Fuel 

Air  condition. 
Pneumatic 
Hydraul Lr . 
De-icing 


^  Answers  to  Frame  44:     1-     f,      2.     a,      3.     d,      A *  c, 

6.  b 
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Fraue  46 


Answer  the  statements  as  true  (T)  or  false  (F) . 

lo     The  two  most  common  types  of  tubing  used  in  aircraft  systems 
%  lines  are-corrosion-resistant  aluminum  alloy  and  copper. 

2.  Aluminum  alloy  tubing  is  most  widely  used  in  low  and  medium 
pressure  systems. 

3.  The  color  code  which  identifies  the  contents  of  the  system 
as  breathing  oxygen  is  red. 

4.  Stainless  steel  tubing  is  used  in  high-pressure  systems. 


Answers  to  Frame  45:  1.  g*  2.  e,  3.  d,  4.  t, 
6.    hf      7.    b,      8.  a 
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Frame  47 


Solderless  terminal  lug  (A)  permit  easy  and  efficient  connection 
and  disconnection  of  wire*  from  electrical  equipment,  Solderless 
splices  (B)  join  electrical  wires  to  form  permanent  continuous  runs. 
These  terminal  lugs  and  splices  come  preinsulated  (A)  or  uninsulated 
(B).    They  are  made  of  copper  or  aluminum. 

Note:    Copper  wire  requires  copper  connectors  and  the  aluminum 
wire  requires  aluminum  connectors. 


Select  the  correct  statement(s) . 

1.  To  Join  electrical  wires  to  form  a  continuous  run,  solder- 
less  terminal  lugs  are  used. 

2.  Solderless  terminal  lugs  permit  easy  disconnection  and 
connection  to  electrical  equipment. 

3.  Solderless  terminal  lugs  and  solderless  splices  may  he 
uninsulated  or  preinsulated. 


Answers  to  Frame  46:    1.    F,      2.    T,      3.    T,      4.  F 
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Frame  48 

Aircraft  vibration  does  tend  to  loosen  or  alter  the  adi ustment 
of  various  parts.  These  p-rts  are  safetied  by  an  auxiliary  device, 
such  as  safety  wire. 

Safety  wire  is  made  of  copper,  aluminum  or  steel.    Copper  wire 
(.020-inch  diameter),  is  used  for  safetying  seals  on  equipment 
such  as  first  aid  kits  and  portable  fire  extinguishers. 

Aluminum  wire  (.032-inch  diameter)  is  used  for  safetying  _____ 
««rgencVv__ves  or  oxygen  regulators.  BE  SURE  TO  CONSULT  THE  SPECIFIC 
TECHNICAL  ORDER  AND  USE  THE  WIRE  SIZE  REQUIRED. 

Some  emergency  devices  use  a  safety  or  .shear  wire.    Care  must 
be  used  to  be  sure  that  the  use  of  safety  wi'rs  will  not  stop  the 
emergency  operation  of  the  device. 

The  illustrations  shown  are  tvpical  examples  of  proper  safety 
wire  installations.  Study  these  illustrations.  Notice  the  proper 
way  to  install  safety  wire  for  a  given  situation. 


NO  RESPONSE  REQUIRED 

Answers  to  Frame  47:    1.    F,      2.    T,      3.  T 
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Frame  49 

Two  methods  of  safety  wiring  are  used:    the  single-wire  method 
and  the  double- twist  method.    The  single-wire  method  is  used  on 
emergency  devices.    The  single-wire  method  is  also  used  in  areas 
hard  to -reach  and  for  small  screws  in  a  closely  spaced  pattern. 

The  double-twist  method  is  the  most  conmon  method  used.  The 
most  common  sizes  of  safety  wire  in  use  are  ,020  inch  and  .032  inch. 

Complete  the  statement. 

1.      The  two  sizes  of  safety  wire  most  commonly  used  to  safety 
parts,  using  the  double-twist  method,  are 

a.  .032-inch  and  .037-inch. 

b.  .020-inch  and  .037-inch, 
c  .041-inch  and  .047-inch, 
d.  , 020-inch  and  .032-inch. 


# 


Answer  to  Frame  48:    None  Required 
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Fran*  50 

The  number  of  bolts,  nuts,  screws,  etc,  that  may  be  wired 
together  depends  upon  the  application.    When  the  double-twist  method 
is  used,  the  maximum  number  of  wider  spaced  bolts  that  can  be  wired 
in  a  series  id  three.    The  number  of  closely  spaced  bolts,  that 
can  be  wired  by  a  24-inch  length  of  wire  is  the  maximum  number 
in  a  series. 

Complete  the  statement. 

1.      The  maximum  numb-r  of  widely  spaced  bolts  which  may  be 
wired  in  a  series  is 

a.  1. 

b.  2. 

c.  3. 

d.  4. 


Answer  to  Frame  49 :     1 .  d 
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The  correct  procedure  for  safety  wiring  will  be  explained  in 
the  safety  wiring  project.    In  that  project,  you  will  learn  the 
proper  method  by  actually  doing  '.he  job. 


Answer  to  frame  50;     1.  c 
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Caution: 


TO  BE  USED  *Y  THE  PNEUDRAULIC  COURSE  ONLY. 


Frame  51 


Note:  To  complete  this  terminal  frame  you  must  have  a  hardware 
trainer. 

Match  the  names  listed  below  with  the  correct  item  on  the  trainer. 
Place  ihe  number  on  the  trainer  that  corresponds  to  the  item  you 
selected  on  the  separate  answer  sheet.     Some  items  on  the  trainer 
are  not  in  this  list. 


2. 

Bolt,  clevis. 

22. 

Elbow  90° ,  bulkhead. 

3. 

Bolt,  hex  head  steel. 

23. 

Union  MS. 

4. 

Cotter  pin. 

24. 

Tee  fitting. 

5. 

Eyebolt. 

25. 

Nipple,  flared  tube  to  pipe 

6. 

Machine  screw,  flathead. 

26. 

Elbow  90°,  pipe  to  tube. 

7. 

Screw,  Reed  and  Prince  head. 

8. 

Reducer  steel. 

9. 

Machine  screw,  fillister 
head. 

10.  Plate  nut. 

11.  Cross  fitting  steel. 

12.  Wing  nut. 

13.  Nut,  plain  steel. 

14.  Screw,  Phillips  head. 
15*  Nut,  castellated  steel. 

16.  Bolt,  drilled  head  steel. 

17.  Tee  fitting  bulkhead. 

18.  Nut,  self -locking  aluminum. 

19.  Nut  steel  seif-locking. 

20.  Sleeve. 


ERLC 
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Answers  to  Frame  51:  *?0<3& 


1. 

29. 

2. 

6. 

8. 

8. 

4. 

17. 

5. 

12. 

6. 

23. 

7. 

22  or  23. 

8. 

47. 

9. 

14. 

10. 

20. 

11. 

44. 

12. 

21. 

13. 

41. 

14. 

14. 

15. 

27. 

16. 

8. 

17. 

36. 

18. 

28. 

19. 

25. 

20. 

39. 

21. 

51. 

22. 

46. 

23. 

18. 

24. 

45. 

25. 

42. 

26. 

53. 
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Caution:    TO  BE  USED  BY  INSTRUMENT  COURSE  ONLY. 


Frame  51A 


Note:    To  complete  this  frame  you  must  have  a  hardware  trainer. 

Match  |he  names  listed  below  with  the  correct  item  on  the  trainer. 
Place  the  trainer  number  that  corresponds  with  that  item  on  the 
separate  answer  sheet.     Some  items  on  the  trainer  are  not  listed. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


Wood  washer. 

Bolt,  clevis. 

Bolt,  hex  head  steel. 

Cotten  pin. 

Eyebolt. 

Machine  screw,  flathead. 
Screw,  Reed  and  Prince  head, 
Lock  washer. 

Machine  screw,  roundhead. 
Plate  nut. 

Machine  screw,  Fillister 
head . 


Wing  nut.  ^' 


Nut,  plain  steel. 
Screw,  Phillips  head. 
Nut,  castellated  steel. 
Bolt,  drilled  head  steel. 
Screw,  sheetmetal. 
Nut,  self-lock   ig  aluminum. 
Nut,  steel  self-locking. 
Dzus  stud. 


21.  Splice. 

22.  Elbow  90°,  bulkhead. 

23.  Tinnerman  "  :t. 

24.  Tee  fitting. 

25.  Cross  fitting,  internal 
threads . 

26.  Elbow  90°,  pipe  to  tube. 


60 


ERIC 


VJ2 


Answers  to  Frame  51A: 


9031 


o 


0 


1. 

11. 

2- 

1. 

3. 

5. 

4. 

12. 

5. 

7. 

6. 

10. 

7. 

18. 

$> 

24. 

9. 

9. 

10. 

15. 

11. 

4. 

12. 

16. 

13. 

21. 

14 

-17 
x»  . 

15. 

22. 

16. 

3. 

17.  13. 

13.  20. 

19.  23. 

20.  29. 

21.  33. 

22.  40. 

23.  32. 

24.  39. 

25.  36. 

26.  47. 
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Caution:    TO  BE  USED  BY  ENVIRONMENTAL  COURSE  ONLY.  #>3fc 

Frame  5 IB 

Match  the  names  below  with  the  correct  item  on  the  opposite  page. 
Place  the  capital  letter  that  corresponds  with  that  item  on  the 
separate  answer  sheet.    Some  items  are  not  listed. 

2.  "    Bolt,  h<=»x  head  aluminum. 

3.  Bolt,  hex  head  steel. 

4.  Pipe  thtaad  (basic  design). 

5.  Bolt,  internal  wrenching.' 

6.  Screw,  machine  flathead. 

7.  Universal  fitting 
combinations • 

8.  Lock  washer,  internal.  * 

9.  Tube,  beaded  end. 

10.  Nut,  plate. 

11.  Screw,  machine  Fillister  head. 

12.  Nut,  wing. 

13.  Shock  mount. 

14.  Screw,  crosspoint. 

15.  Nut,  castle. 

16.  Bolt,  drilled  hex  head. 

17.  Screw,  sheet  metal  (self- 
tapping)  . 

18.  Nut,  fiber  self-locking. 

19.  Joint  (section)  flared  tubing,  — 

20.  Tube,  double-flared. 

21.  Splice,  solderless. 

22.  Tee,  flared  tube,  bulkhead. 

23.  Steel  flared  fitting. 

24.  Nipple,  pipe  thread. 
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Answers  to  Frame  5UB; 

1.  G  . 

2.  W. 

3.  X. 

4.  L. 

5.  D. 

6.  A  or  E. 

7.  P. 

8.  Q. 

9.  Z. 

10.  S. 

11.  B. 

12.  V. 

13.  J. 

14.  A  or  E. 

15.  T. 

16.  I. 

17.  F. 

18.  U. 

19.  BB. 

20.  AA. 

21.  Y. 

22.  0. 

23.  M. 

24.  N. 
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Study  Guides  and  Workbooks  are  training  publications  authorized  by  Air  Training  Command  (ATjC) 
for  student  use  in  ATC  courses.  \ 

The  STUDY  GUIDE  (SG)  presents  the  information  you  need  to  complete  the  unit  of  instruction  oV 
makes  assignments  for  you  to  read  in  other  publications  which  contain  the  required  information,  j 

The  WORKBOOK  (WB)  contains  work  procedures  designed  to  help  you  achieve  the  learjW 
objectives  of  the  unit  of  instruction.  Knowledge  acquired  from  using  the  study  guide  will  help  you  perform 
the  missions  or  extrcises,  solve  the  problems,  or  answer  questions  presented  in  the  workbook^^ 

The  STUDY  GUIDE  AND  WORKBOOK  (SW)  contains  both  SG  and  WB  material  under  one  cover. 
The  two  training  publications  may  be  combined  when  the  WB  is  not  designed  for  you  to  write  lri^or  when 
both  SG  and  WB  are  issued  for  you  to  keep. 

"  Training  publications  are  designed  for  ATC  use  only.  They  are  updated  as  necessary  for  training 
purposes,  but  are  NOT  to  be  used  on  the  job  as  authoritative  references  in  preference  to  Technical  Orders 
or  other  official  publications. 


Mo 

Environmental  Pneudraulic  Branch  3ABR42231-VB-303A 
Chanute  AFB,  Illinois  3ABR42132-VB-102 

\ 

SAFETYING  METHODS,  PROCEDURES,  AND  DEVICES 

OBJECTIVES 

After^otnpleting  this  workbook,  you  will  be  able  to  safety  an 
assortment  of  aircraft  hardware  on  a  safetywire  trainer.    To  enable 
you  to  do  this,  you  will  be  required  to: 

1.  Identify  methods  of  safetying. 

2.  Follow  proper  safetying  procedures. 

3.  Use  mechanical  safetying  devices. 
Standard  of  Performance 

You  will  be  evaluated  by  an  instructor  who  will  observe  your  per- 
formance and  administer  a  criterion  referenced  test.    You  must  complete 
this  project  with  70Z  accuracy. 

EQUIPMENT 

Safetywire  Trainer  (2301  Environmental) 

(4183  Pneudraulic) 
Applicable  Handtools 
Safetywire 
Cotter  Pins 

PROCEDURE 

There  are  several  methods  used  to  safety  aircraft  hardware.  We  wish 
we  could  familiarize  you  with  all  of  them.  Since  we  don't  have  that  much 
time,  we  will  concentrate  on  the  safetying  methods  most  conmon  to  your  job. 

Follow  each  part  of  this  workbook  closely.    Perform  each  step  carefully. 
Be  particularly  careful  with  the  sharp  ends  uhat  are  created  when  safety- 
wire  and/or  cotter  pins  are  cut. 

You  will  need  certain  handtools  to  accomplish  the  tasks  listed  in  this 
workbook.    Ask  the  instructor  where  you  may  obtain  these  tools. 

Sidecutters  (diagonal  cutters) 

Pliers  (duckbill  or  suitable  substitute) 

Safetywire  Pliers 


Basis  of  Issue 
1/ student 

1/ student 
1/ student 
1 /student 


1 
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SECTION  I.    METHOD i  OF  SAFETYIKG 

I.  Securing  with  Cotter  Pins. 

A.  Cotter  pins  are  used  to  secure  such  items  as  bolts,  screws, 
pins,  castellated  nuts,  and  shafts. 

B.  The  use  of  cotter  pins  is  favorable  because  they  can  be 
installed  and  removed  quickly. 

II.  Securing  with  Safetywire. 

A.  Single  Wire  Method. 

1.  This  method  is  used  to  safety  closely  spaced  fillister 
head  screws  (screws  with  holes  drilled  through  the  head)  in  a  closed 
geometrical  pattern. 

2.  The  wire  is  installed  so  that  the  screws  cannot  loosen. 

3.  Always  use  the  largest  size  wire  that  the  hole  will 
accomodate. 

B.  Double  Twist  Method. 

1.      This  is  the  most  common  method  of  safetywiring  used. 

2<      The  double  twist  method  can  be  used  to  safety  bolts,  nuts, 
and  screws • 

a.  If  parts  are  closely  grouped,  it  is  more  convenient 
to  safetywire  them  to  each  other.    This  is  called  series. 

b.  The  maximum  number  of  bolts  that  can  be  wired  in  a 
series  is  three. 

c.  The  maximum  length  of  wire  that  can  be  used  is  24  inches. 

d.  Bolts,  nuts,  and  screws  which  are  spaced  more  than  6 
inches  apart  shall  not  be  wired  in  series,  but  safetied  individually. 

SECTION  II.    SAFETYING  PROCEDURES 

I.      Using  Cotter  Pins. 

A.  In  the  lower  left  comer  of  the  safetywire  trainer  is  a  castle 
nut  for  you  to  secure. 

B.  Refer  to  figure  1  for  correct  installation  of  the  pin  and  perform 
the  following  steps. 
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Figure  1.    Cotter  Pin  Installation* 

1.  If  the  castle  nut  is  loose  ask  the  instructor  for  a  wrench 
to  tighten  it.    Align  the  nut  so  that  a  cotter  pin  will  pass  through  it 
and  the  hole  in  the  bolt. 

2.  Select  the  largest  size  cotter  pin  that  the  hole  will 
accomodate • 

3.  Push  the  cotter  pin  through  the  hole  in  the  bolt  as  far 
as  it  will  go.    The  long  side  of  the  cotter  pin  should  be  up. 

A.      With  the  sidecutters,  bend  the  long  side  of  the  cotter  pin 
straight  up.    Cut  it  off  so  that  it  resembles  the  pin  shown  in  figure  1. 
CAUTION:    Hold  your  free  hand  over  the  nut  while  cutting  th«  pin  so  that  the 
snipped  end  won't  fly  up  and  strike  you  in  the  eye. 

5.  Bend  the  cut  side  of  the  cotter  pin  over  the  bolt  head  and 
tap  it  flat  with  the  sidecutters. 

6.  Bend  the  other  side  of  the  cotter  pin  straight  down.    Cut  it 
off  so  that  it  looks  like  the  pin  in  figure  1.    Tap  with  the  sidecutters 
until  it  lies  flat  against  the  nut. 

7.  When  you  feel  that  you  have  properly  safetied  the  castle 
nut,  proceed  to  the  next  task. 

II.    Using  Safetywire. 

A.      Single  Wire  Method. 

1.  On  the  right  side  of  the  safetywire  trainer  there  is  an  • 
electrical  connector.    The  base  of  the  connector  is  fastened  to  the  trainer 
board  by  four  fillister  head  screws. 

2.  Refer  to  figure  2  for  correct  installation  of  the  wire  and 
perform  the  following  steps. 

a.  Cut  a  piece  of  safetywire  approximately  12  inches  long. 

b.  Thread  the  wire  through  the  hole  in  the  head  of  screw 
number  1  until  the  ends  are  about  equal  in  length. 
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Figure  2.    Top  View  of  Conp^ctor  Plug. 

Note:    If  the  hole  in  the  screw  is  blocked  by  the  body  of  the  connector, 
the  screw  may  be  loosened  enough  to  get  the  wire  through.    After  the 
wire  has  been  threaded  through  the  hojje,  retighten  the  screw  before 
taking  the  wire  to  the  next  screw. 

c.  The  wire  should  be  threaded  through  screws  2  and  A  so 
that  if  screw  number  1  tries  to  loosen,  force  will  be  applied  in  the 
tightening  direction  to  these  adjoining  screws.    The  same  procedure  must 
be  used  on  all  four  screws. 

d.  After  you  have  threaded  .ae  wire  through  the  hole  in 
screw  number  3,  use  the  pliers  and  twist  the  ends  of  the  wire  together 
starting  at  the  hole. 

e.  Cut  the  wire  so  that  a  pigtail  about  1/4  to  1/2  inch 
long  remaii.3.    Note:    The  pigtail  should  contain  a  minimum  of  3  to  6  twists. 

f.  Bend  the  pigtail  around  the  screw  so  that  it  looks 
like  tb ,  wire  in  figure  2.    This  will  help  keep  someone  from  snagging  their 
hand  oa  the  safetywire. 

g.  When  you  feel  that  you  have  properly  safetied  the  four 
fillister  head  screws,  proceed  to  the  next  task. 


Double  Twist  Method. 


1.      Across  the  top  o£  the  safetywire  trainer  there  are  four 
bolt  heads  in  a  straight  line* 


2.      Refer  to  figure  3  for  correct  installation  of  the  wire. 
Safety  the  first  two  bolt  heads  from  the  left  by  performing  the  following 
steps. 
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a. 

to  tighten  them. 


If  the  >olts  are  loose  ask  the  instructor  for  a  wrench 


Figure  3.    Boltheads  Safetied  by  the  Double  Twist  Method. 

b.  Cut  a  piece  of  safetywire  approximately  12  inches  long. 

c.  Thread  the  wire  through  the  hole  in  the  bolt  head 
until  the  ends  are  about  equal  in  length. 

d.  The  wire  may  be  twisted  by  hand  except  for  the  final 
few  twists  which  should  be  made  with  pliers  to  properly  secure  the  wire 
ends . 

e.  The  wire  must  be  twisted  so  that  the  loop  around  the 
bolt  head  stays  down.    Extreme  care  should  be  taken  when  twisting  the  wire 
to  insure  that  it  is  tight  but  not  stressed  to  the  point  where  breakage 
might  occur  under  a  slight  load  or  vibration. 

*  f .      Thread  the  wire  through  the  secona  bolt  head  so  that 

if  either  bolt  head  tries  to  loosen  (turn  counterclockwise),  force  will 
be  applied  in  the  tightening  direction  to  the  other. 

gw      Use  the  pliers  to  twist  the  wire  counterclockwise. 

h.  Cut  the  wire  so  that  a  pigtail  about  1/4  to  1/2  inch 
long  remains.    Note:    The  pigtail  must  contain  a  minimum  of  3  to  6  twists. 

i.  Bend  the  pigtail  around  the  bolt  head  so  that  it  looks 
similar  to  that  in  figure  3. 

j.      If  you  feel  tha^you  have  properly  safetied  the  two 
bolt  heads,  proceed  to  the  next  task. 


C.      Safetywiring  V-Band  Clamps. 

Note:  Pneudraulic  repairmen  are  to  skip  this  portion  of  the  workbook. 
Go  to  section  III  and  continue  from  there. 

1.  On  the  safetywire  trainer  there  is  a  piece  of  ducting 
connected  by  a  V-b and  clamp. 

2.  Refer  to  figure  4  for  correct  installation  of  the  wire 
and  safety  the  V-band  clamp  by  performing  the  following  steps. 
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Figure  4.    Top  View  of  V-Band  Clamp. 


a.  Position  the  trainer  so  that  the  clamp  looks  similar 

to  figure  4. 

b.  Make  sur*'  the  nut  which  hoi  is  the  clamp  together  is 
tight.    On  the  actual  aircraft  you  would  have       check  the  applicable  TO 
to  find  what  the  torque  value.    We  won't  have  you  torque  the  nut  here, 
just  renhr^er  that  it  is  torqued.  < 

c.  Cut  a  piece  of  safetywire  approximately  24  inches  long. 

d.  Fold  the  wire  in  half. 

e.  Insert  the  folded  end  of  the  wire  through  the  opening 
in  the  left  side  of  the  clamp,  just  to  the  left  of  the  clamp  trunion  pin. 
The  wire  should  be  inserted  through  the  opening  going  from  the  top  and 
pushed  through  until  about  6  inches  of  wire  protrudes  out  the  other  side  of 
the  clamp.     See  figure  5. 


Figure  5.    Side  View,  V-Band  Clamp. 
6 
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f.      Bend  the  lower  set  of  wires  to  the  right  and  parallel 
to  the  "T"  bolt.    See  figure  6. 


Figure  6.    Side  View,  B-Band  Clamp. 

g.  Bend  the  upper  set  of  wires  to  the  right  and  parallel 
to  the  MT"  bolt.    See  figure  6  again. 

h.  Insert  the  folded  end  of  the  wire  through  the  opentfig 
on  the  far  right  side  of  the  clamp.    Pull  the  wire  tight  so  that  the  folded 
end  of  the  wire  is  straight  away  from  the  llamp  and  towards  you.  See 
figure  7. 


Figure  7.     Side  View,  V-Band  Clamp. 

i.      Twist  the  two  sets  of  wire  together  and  counterclock- 
wise.   Start  at  the  hole  on  the  right  side  of  the  clamp.    Twist  until 
there  is  a  pigtail  containing  a  minimum  of  two  twists. 

,J .      Bend  the  pigtail  to  the  right  and  flat  against  the 
clamp;  then  loop  the  end  of  the  pigtail  back  towards  the  clamp  so  that  it 
cannot  become  a  dangerous  snag.    Refer  to  figure  8  to  see  how  the  clamp 
should  appear  when  properly  safe tied. 


Figure  8.     Side  View.  V-Band  Clamp. 
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k.      I*  you  have  any  questions  inform  the  instructor  before 
you  continue  with  the  next  section  of  this  booklet* 

SECTION  III,    MECHANICAL  SAFETYING  DEVICES 

I.      Using  Safetywire  Pliers. 

A#      Safetywire  pliers  may  be  used  to  perform  all  the  mechanical 
steps  of  safetywiring.    The  steps  are  bending,  twisting,  and  cutting. 
The  flat,  rounded  nose  is  used  to  grip  and  bend  the  wire.    Just  behind 
the  nose  is  the  sidecutter  for  cutting  the  wire.    The  twisting  mechanism 
consists  of  .4  lock.    The  pliers  are  locked  closed  on  the  wire.    A  ratchet 
device  which  causes  the  pliers  to  rotate  in  a  clockwise  direction  when 
the  knob  is  pulled.     See  figure  9  for  an    llustration  of  the  safetywiring 
pliers. 


Sidecutter 


Ratcheting  Device 


Figure  9.    Safetywiring  Pliers. 

B.  In  about  the  center  of  the  safetywire  trainer  are  five  bolt  heads 
arranged  something  like  a  star.    We  want  you  to  practice  using  the  safety- 
wiring  pliers.    Safety  the  top  center  bolt  head  in  series  with  the  next 
two  in  the  clockwise  direction. 

C.  Refer  to  figures  10  thru  22  and  safetywire  the  three  bolt  heads 
by  performing  the  following  steps. 

1.  Make  sure  the  three  bolt  heads  are  tight. 

2.  Cut  a  piece  of  safetywire  approximately  3  1/2  times  the 
length  of  the  distance  between  the  three  bolt  heads*    See  figure  10.  DO 
NOT  EXCEED  24  INCHES.    TO  1-1A-8  limits  the  length  of  wire  to  24  inches 
when  wiring  in  series. 
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Figure  10.    Cutting  Wire  with  Safetywiring  Pliers. 

3.  Thread  the  wire  straight  through  the  hole  in  the  top  bolt 
head  until  the  two  wire  ends  are  about  equal  in  length. 

4.  Pull  the  left  end  of  the  wire  around  the  bolt  head  in  a 
clockwise  direction.    Pass  it  under  the  right-hand  wire.    Pdl  tightly 
with  the  safetywire  pliers.    The  wire  should  conform  to  the  3hape  of  the 
hexhead  bolt. 

5.  Twist  the  two  wires  together  by  hand.    Make  sure  the  first 
twist  begins  at  the  drilled  hole.    Make  about  three  twists  clockwise 
while  pulling  firmly.    See  figure  11  below. 
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Figure  11.    Starting  the  Twist  by  Hand. 
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6,      Grip  the  two  strands  of  wire  with  the  safetywiring  pliers. 
Grip  at  a  point  approximately  1/16  inch  longer  than  the  distance  to  the 
next  bolt  head  (figure  12).    To  lock  the  pliers  closed,  squeeze  the  handles 
together  tightly  enough  so  that  the  locking  button  can  be  pushed  in.  Now, 
release  your  grip  slightly  and  the  pliers  should  remain  locked. 


Figure  12.    Determine  Length  of  Wire  between  Bolt  heads. 

7.  Now,  let  go  of  the  pliers,  except  at  the  knob.    Hold  the 
pliers  up  and  b lightly  away  from  :he  trainer.    Pull  the  knob  to  its  extended 
position  approximately  6  inches.    You  may  have  to  pull  with  both  hands. 

8.  The  next  step  depends  on  the  type  of  safetywire  pliers 
that  you  have.    Proceed  with  step  a  or  b  as  applicable. 

a.  If  you  have  the  one  type  of  pliers  the  knob  returns 

to  its  original  position  automatically.    You  will  have  to  grasp  the  handles 
of  the  pliers  wi* h  one  hand  and  release  the  knob. 

b.  he  other  type  of  pliers  has  a  knob  that  does  not 
return  to  its  original  position  automatically.    You  will  have  to  grasp 
the  handles  of  the  pliers  with  one  hand.    Push  the  knob  back  to  its 
original  position  with  the  other  hand. 

9.  Again,  pull  the  knob.    Repeat  the  applicable  procedure  8a 
or  8b,  until  the  wire  is  twisted  the  desired  number  of  twists.  Should 
be  about  8  twists  per  inch. 

10.  When  the  desired  number  of  twists  per  inch  is  attained, 
unlock  the  pliers  by  gently  squeezing  the  handles  together. 

11.  The  twisted  wire  should  now  reach  the  hole  in  the  second 
bolt  head  (you  may  twist  or  untwist  the  wire  one  or  two  twists  by  hand 
until  it  is  the  correct  length).    Now,  insert  the  top  wire  through  the 
hole  as  shown  in  figure  13. 
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Figure  13.    Insert  Wire  through  next  Bolt  head. 

12.      Grasp  the  end  of  the  wire  with  the  safetywire  pliers.  Pull 
it  through  the  hole  until  the  twisted  part  between  the  two  bolt  heads  is 
tight  (figure  14).    CAUTION:    Do  not  allow  the  wire  to  kink  as  you  pull 
it  through  the  hole,  don't  pull  it  too  tight  as  it  might  break. 


Figure  14.    Make  sure  the  Wire  is  Tight. 

13.     While  keeping  tension  on  the  wire  extending  through  the 
bolt  head,  pull  the  other  wire  around  the  bolt  in  a  clockwise  direction, 
(figure  15).    After  the  wire  is  bent  around  the  bolt  head,  pass  it  under 
the  wire  that  extends  through  the  bolt  head. 
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Figure  15.    Wire  goes  around  Bolt  head  in  Clockwise  Direction. 


14.      Twist  the  two  wires  together  by  hand.    Make  sure  the  first 
twist  begins  at  the  drilled  hole.    Make  about  three  twists  clockwise  while 
pulling  firmly  on  the  wire.    See  figure  16, 


Figure  17.    Taking  Wire  to  Next  Bolt  head. 

16.  The  twisted  wire  should  now  reach  the  hole  in  the  third 
bolt  head.  Insert  the  top  wire  through  the  hole  in  the  bolt.  Pull  it 
tight  with  the  safetywire  pliers  as  shown  in  figure  18. 


Figure  18.    Make  sure  the  Wire  is  Tight. 

17.      While  keeping  tension  on  the  wire  extending  through  the 
bolt  head,  pull  the  other  wire  around  the  bolt  ir  a  clockwise  direction. 
Pass  this  wire  UNDER  the  wire  which  extends  through  the  bolt  head.  See 
figure  19  below. 
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Figure  19.    Wire  goes  Around  Bolt  head  in  Clockwise  Direction. 

18.  Twist  the  two  wires  together  by  hand  making  sure  the  first 
twist  begins  at  the  hole  in  the  bolt  head.    Make  about  five  twists 
clockwise  while  pulling  firmly  on  the  wire. 

19.  Use  the  safetywiring  pliers  for  the  final  twisting.  This 
is  to  insure  the  wire  is  twisted  good  and  tight.  Thio  time  there  should 
be  about  12  to  15  twists  per  inch.    See  figure  20. 
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Figure  20.    Forming  of  Pigtail. 
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20.      Use  the  safetywiring  pliers  to  cut  the  twisted  wire  so  that 
a  pigtail  1/4  to  1/2  inch  long  remains*    See  figure  21. 


Figure  21.    Pigtail  1/4  to  1/2  Inch  Long. 


21.      Bend  the  pigtail  into  a  loop  and  flat  against  the  bolt  head 
so  that  it  can'u  become  a  snag.    See  figure  22. 
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22.  When  you  feel  you  have  properly  safetied  the  three  bolt  heads 
in  aeries,  have  the  instructor  check  all  of  your  work  at  one  time  (the 
cotter  pin,  single  wire  method,  double  twist  method,  and  the  three  bolt 
heads  in  series). 

23.  If  any  tasks  are  not  approved  by  the  instructor,  return 
to  the  applicable  section  of  this  workbook.  Reaccomplish  those  parti- 
cular steps. 

24.  If  all  tasks  were  approved  by  the  instructor,  remove  all 
safetywire  and  the  cotter  pin  from  the  safetywir^  trainer.    Throw  scraps 
in  the  trash  can.    Clean  and  put  away  your  handtools.    Tell  the  instructor 
that  you  are  ready  for  the  next  Lask. 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  the  3ABR42331, 
Ins true tional  System*    The  materiel  contained  herein  has  been 
validated  using  students  enrolled  in  the  3ABRA2331  course.  Ninety 
percent  of  the  students  taking  thiJ  text  have  achieved  or  surpassed 
the  criteria  called  for  in  the  lesson  objective.    The  average  student 
required  21  minutes  to  complete  this  text. 


Identify  the  use  of  general  purpose  connectors,  bonding, 
shielding,  and  grounding.    A  minimum  of  70Z  accuracy  musr  be  obtained* 


This  programmed  text  presents  information  in  small  steps  called 
"Frames".    After  each  frame  you  are  asked  to  respond  to  the 
Information  in  some  way.    Read  the  material  and  make  your  response. 
Compare  your  answers  with  the  correct  answers  given  at  the  top  of 
the  next  page.    If  you  find  you  ate  incorrect,  reread  the  frame  to 
get  the  correct  information.    If  you  are  right,  and  you  understand 
the  information  presented  in  that  frame,  proceed  to  the  next.  This 
is  satisfactory,  however,  do  not  skip  ahead  unless  the  text  directs 
you  to  do  so. 
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.  Aircraft  electrical  wiring  is  constructed  of  tin-coated 
copper  or  aluminun  wire.   Normally  it  is  insulated*  shield?  1, 
bonded  and  grounded  (if  needed)  to  the  aircraft  when  installed. 
During  inspection  or  repairs,  make  sure  that  insulation  and 
shielding  are  not  damaged. 

Answer  the  following  question  by  circling  the  correct  answer. 

1.     Before  installing  anelectrical  *-rire  from  a  shutoff  valve 

to  a  circuit  breaker,  what  would  have  to  be  done  to  the  wire? 

a.  Insulated  *  , 

b.  Shielded 

c.  Bonded 

d.  Grounded  (if  needed) 

e.  All  of  the  above 
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Answer  to  Frame  1:     1.  £ 
Fran*  2 

Shielded  cable  mast  ba  proparly  bonded  and  secured,  la 
aach  cab la,  many  small  strand*  of  wire  ara  uaad  to  form  a 
alngla  conductor.    Thasa  stranded  cab las  ara  prafarrad  rathar 
than  a  single  heavy  wire  In  ordar  to  make  the  flnlahad  cable 
mora  flexible .    The  individual  a trends  ara  twisted  together 
and  than  covered  with  a  suitable  insulating  material*  Where 
excessive  vibration  takes  Place,  flexible  stranded  cable  can 
cause  trouble  when  not  properly  secured. 

Answer  the  following  question  by  circling  the  correct  answer. 

1.     Given  a  choice  between  a  •treaded  cable  and  a  alngla 
heavy  wlra,  why  do  maintenance  people  choose  the 
stranded  cable? 

a.  Stronger 

b.  Lighter 

c.  Smaller 

d.  More  flexible 
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Answer  to  Frame  2:      1.  d 


Frame  3 


Coupling 
Nut 


/ 


/ 


\ 


STRAIGHT  PLUG 


I 


60X  RECEPTACLE 


Figure  I.    Common  Connector . 


Wt$5M$Le  connectors  (cannon  plugs)  are  used  to  join 
segments  of. electrical  circuits  installed  In  aircraft.  ^Jhese  , 
,  mnectore  oust  hold  electrical  circuits  securely  without  undue 
voltage  drop,  under  extreme  vibration;  rapid  temperature  changes, 
and  vast  altltupa  differences*    A  common  connector  consists  of  a 
^pli  g  nssenbly  (sVf  figure  1  for  *xanpl*)N  and  a  recep«atle  assembly 
*  "  et  are  fasteitrd  uogethy^  by  a  coupling  inut.    You  141st  be  careful 
ot  to  cross- thread,  or  jam  the  mW1 

Answer  the  following  question  by  circling  the  correct  answer* 

1.     What  is  ^he  purpose  of  a  csknon  plug? 


b. 

Ce 
da 


Connect  Insulation 
Ground  electrical  circuits 
Join  segmencs  of  electrical  circuits 
Bond  electrical  circuits  to  aircraft  structure 


\ 
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J  iswer  to  Frame  3:      1,  c 
Frame  4 

i 

We  have  covered  some  points  In  this  book  that  are  important 
for, you  to  remember.    Therefore ,  we  will  quickly  cover  then  again. 

Normally,  aircraft  wiring  is  insulated,  shielded,  bonded 
and  grounded  (if  needed)  to  the  aircraft  when  installed. 

•  Stranded  cables  are  preferred  rather  than  a  single  heavy 
wire  in  order  to  make  tfce  finished  cable  more  flexible. 

Detachable  connectors  are  used  to  join  segments  of  electrical 
circuits  installed  in  aircraft. 

•  You  must  be  careful  not  tc  cross- thread,  J trip,  or  jam 
the  coupling  nut  on  a  connector  plug. 

Frame  5 

Shielding  -  Preventing  one  component  from  affecting  another 
through  their  common  electric  or  magnetic  field. 


Figure  2.    Shielded  Multiconductor  Cable. 

Shielded  cable  (figure  2)  has  a  metallic  braid  over  the 
insulation  to  provide  a  barrier  against  electroetatic  interference* 
To  obtain  satisfactory  results  from  shielded  cable,  the  shield  must 
be  unbroken  and  must  extend  to  a  point  as  near  the  end  of  the 
conductor  as  practicable* 

Answer  the  following  question  by  circling  the  correct  answer. 

1.     What  does  a  shielded  cable  (located  inside  a  pressure 
regulator)  .protect  against? 

a.  Heat 

b.  Water 

c*  Shorting 

d.  Electrostatic  interference 
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Answer  to  Frame  5.    1.  £ 


Frame  6 


Grounding  -  The  electrical  connecting  of  wiring  to  a  primary 
structure  (the  main  frame,  fuselage,  and  wing  structury  of  the 
aircraft)  for  the  return  of  current. 

In  the  wiring  of  practical  circuits,  one  side  of  the  voltage 
source  is  usually  grounded.    For  the  120VAC  power  line  ±n 
residential  wiring,  the  ground  is  actually  earth  ground,  usually 
made  by  connecting  a  wire  to  a  metal  coldwater  pipe.    For  aircraft 
equipment,  the  ground  is  connected  to  a  metal  chassis  (see  figure  3) , 
which  is  used  as  a  common  return  for  connections  to  the  voltage 
source. 


SCREW  OR  BOLT 


WASHER  A 


0 


TERMINAL  (LIMIT  TO  4) 


WASHER  B 

LOCK  WASHER  -  .  WASHER  C 

LOCKNUT ' 

Figur.  3.    Grounding  to  Flat  Surface. 

Anav.r  th.  following  question  by  circling  the  correct  answer/ 

1.     If  you  need  to  check  a  component  for  28VDC  power,  where 
would  you  ground  the  negative  lead  of  thy  multimeter? 

a.  Earth 

b.  Aircraft  structure 

c.  Hetal  cold  water  pipe 

d.  To  the  control  switch 
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Answer  to  Frame  6:    1.  b 
Frame  7 

Bonding  -  The  electrical  connecting  of  two  or  more  vires 
not  otherwise  adequately  connected. 

Bonding  Is  need  to  connect  vires  (usually  In  bundles)  to 
the  aircraft  structure  for  purposes  other. than  grounding.  The 
wiring  used  on  aircraft  can  be  many  feet  long.    Therefore,  It 
oust  be  bonded  In  several  places  to  prevent  the  v"trlng  from 
breaking  due  to  excess  vibration*    Bonding  also  ke***  wiring 
from  getting  1;.  the  way  of  other  equipment. 

Answer  the  following  question  by  circling  the  correct  answer. 

1.     Why  would  your  shop  supervisor  Insist  that  you  bond  all 
the  wiring  bundles  that  you  work  on? 

a.  Helps  insulation 

b.  Stops  magnetic  fields 

c.  Protect*  pilot  from  electric  shock 

d.  Prevents  wiring  from  breaking  due  to  vibration 


Answer  to  Frame  7:     1.  jd 

Frame  8 

In  this  book  we  have  covered  several  Items  that  are  Important 
for  you  to  remember.    Therefore,  ve  will  review  then  briefly. 

1.  Shielded  cable  provides  a  barrier  against  electrostatic 
Interference. 

2.  Aircraft  wiring  Is  grounded  to  the  aircraft  structure. 

3.  Long  wire  bundles  must  be  bonded  to  prevent  the  wiring 
from  breaking  due  to  excess  vibration. 

4.  Detachable  connectors  are  used  to  join  s»^sents  of 
elactrical  circuits  without  undue  voltage  drope.  The 
most  common  type  of  such  a  connector  is  called  a 
cannon  plug. 

Frame  9 

Wiring  maintenance  is  an  important  part  of  environmental  systems. 
In  tost  cases  one  wire  can  prevent  an  aircraft  from  flying.    That  is 
why  it  is  important  for  you  to  retain  your  basic  wiring  maintenance 
knowledge . 


2?  > 
9 


Technical  Training 


Aircraft  Environmental  System  Mechanic 


USAF  SCHOOL  OF  APPLIED  AEROSPACE  SCIENCES 
3343rd  Technical  Training  Group 
Chanute  Air  Force  Bast*  Illinois 


-  Designed  For  ATC  Course  Use 

00  WOT  U*t  ON  THt  JOB 


WIRING  MAINTENANCE 


20  January  1976 


223 


Environmental  Pneudraulic  Branch 
Chanute  AFB,  Illinois 


3ABR42231-WB-303B 


*   WIRING  rf^MTEMN'' 


OBJECTIVES 


Given  a  workl  ok,  tools  and  equipment,  solder  electrical  wiring 
to  connectors  and  install  electrical  wiring  connectors  to  the  speci- 
fications of  TO  1-1A-14. 


INSTRUCTIONS 


Tell  the  instructor  that  you  are  ready  to  view  the  two  films 
titled,  "Stripping  and  Crimping"  and  "Wire  Maintenance/1    After  view- 
ing the  films,  start  with  the  instructions  in  this  workbook* 


EQUIPMENT 


5/16  Nut  Driver 

Terminal  Lugs 

Wire  Splice  Connections 

Crimping  Tool 

Size  20  Wire 

Wire  Stripper 

Diagonal  Cutting  Pliers 

TO  1-1A-14 

Soldering  Iron 

Soldering  Iron  Stand 

Rosin  Core  f  ilder 

Flux 

Wire  Maintenance  Trainer 
Double-Cut  Mill  File 


Basis  of  Issue 

l/student 

4/student 

4/student 

1/studeut 

1/2"  (30. 5cm) /student 

1/ student 

l/student 

l/student 

l/student 

l/student 

1  roll/student 

1  can/2  students 

l/student 

l/student 


Note:    Get  the  equipment  at  this  time. 
PROCEDURE 

Note:  Read  the  item  through,  completely,  before  performing 
each  etcp. 


1.      Stripping  Electrical  Wiring 


a.  Before  an  electrical  wire  can  be  soldered  it  must  have 
some  of  the  insulation  removed.  Removing  part  of  the  insulation  from 
the  wire  is  called  stripping. 

b.  Stripping  electrical  wires  is  done  with  a  wire  stripper ♦ 
The  type  of  stripper  that  you  will  use  is  a  plier  type  hand  stripper. 


Supersedes  3ABR42231-WB-303B,  8  October  1975,  which  may  be  used  until 
existing  stocks  are  exhausted. 
OPR:  IAS 
DISTRIBUTION:  X 

TAS  -  150;  TTVGC  -  1  Oo 

2  <~c4 


s 


UPf>ER  NEST 

LOWER  NEST 

INSTRUCTION 
PLATE 


Figure  1.    Crimping  Tool. 

c.  In  TO  1-1A-14,  read  paragraph  2-44.    This  paragraph 
gives  the  steps  for  stripping  electrical  wires.    As  you  read  this 
paragraph  look  at  figure  2-21  in  the  TO, 

d.  Follow  the  steps  in  TO  1-1A-14  to  strip  each  end  of  a 
6-inch  (15cm)  piece  of  wire  3/16  of  an  inch  (,476cm).    When  you  feel 
that  the  wire  is  stripped,  as  shown  in  the  TO,  have  the  instructor 
check  your  work. 
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2.      Application  and  Uso  of  the  Crimping  Tool  and  Wiring  Connectors, 


INSULATION  SUPPORT        BARREL  TONGUE 


RANGE  OP 
WIRE  SIZES 


Figure  2.    Preinsulated  Terminal  Lug  -  Cut-Away, 

a.  The  crimping  tool  (figure  1),  is  used  for  connecting  J 
(crimping)  preinsulated  terminals  (terminals  with  plastic  covered 

barrels ,  figure  2)  and  splicing  connectors  to  electrical  wiring. 

Answer  the  statements  as  true  (T)  or  false  (F),  ^ 

1*    Preinsulated  terminals  can  be  crimped  with  any  type 

of  crimping  tool. 

b.  Insulated  terminals  and  connectors  are  color  coded  for 
the  size  of  electrical  wiring  with  which  they  are  to  be  used.  The 
color  coding  is  done  by  making  the  insulation  of  each  size  of  terminal 
or  connector  a  different  color.    The  instruction  plate  on  the  crimping 
tool  (figure  1)  shows  the  nest  (jaw  section)  that  is  to  be  used  for  the 
size  of  the  wire  and  color  of  the  terminal  or  connector. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1-    The  instruction  plate  of  the  crimping  tool  shows  the 

Jaw  section  to  be  used  by  code. 

2«  Color  coded  connectors  show  the  wire  size  that  may  be 

used. 
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TERMINAL 


TERMINAL 
LOCATOR 


Figure  3. 

c.      Figure  3  shows  the  side  of  the  crimping  tool  opposite 
the  instruction  plate  side.    On  this  side  of  the  crimping  tool  is 
a  terminal  locator.    This  locator  is  used  only  when  crimping  a  terminal 
lug.    The  locator  acts  as  a  stop  for  the  lug.    The  locator  can  be 
turned  out  of  the  way.    This  is  done  when  wire  splice  connections  need 
to  Ut  crimped.    The  terminal  is  moved  in  the  correct  nest  until  the 
terminal  barrel  is  against  the  locator  (figure  3). 

Answer  the  statements  &s  true  (T)  or  false  (F) . 


1. 


2. 


The  locator  on  the  crimping  tool  is  used  when 
crimping  terminal  lugs. 

The  locator  is  on  the  same  side  of  the  crimping 
tool  as  the  instruction  plate. 
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d.  This  crimping  tool  has  self- locking  steps  (ratchets). 
Once  you  start  to  close  the  handles,  they  will  have  to  be  closed  all 
the  way  before  the  crimping  tool  will  open  again.    The  purpose  of 
the  self- locking  ratchet  is  to  give  a  means  for  locking  connectors 
in  the  crimper.    The  wire  can  then  be  put  in  tha  barrel  of  the 
terminal  lug  or  splice  connection. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.    The  crimping  tool  has  a  self-locking  ratchet. 

2.    The  crimping  tool  may  be  opened  no  matter  how 

far  the  handles  have  been  closed. 

Note:    Another  type  of  crimper  has  only  one  nest.    The  one 
nest  can  take  all  sizes  of  wire  from  number  10  through 
number  26.    This  type  of  crimping  tool  has  a  wire  size 
selector  knob.    Other  than  this  the  two  tools  work  the 
same* 

e.  Get  a  crimping  tool.    Operate  it  a  few  times  without 
any  connectors*    Squeeze  the  hendles  slowly.    Listen  for  a  click  at 
each  step  of  the  self -locking  ratchet.    Also*  notice  that  the  opening 
at  the  jaws  gets  smaller  at  each  step  of  the  self -locking  ratchet. 

3.  Crimping  Terminal  Lug  Connections 

a.  Open  TO  1-1A-14  to  page  5-9,  read  paragraph  5-14. 

b.  Take  a  piece  of  wire  6  inches  (15cm)  long  and  strip  one 
end  so  that  3/16  of  an  inch  (.476cm)  of  the  wire  is  showing. 

c.  Twist  the  strands  of  wire  so  they  can  be  put  in  the 
terminal  lug  barrel. 

d.  Select  a  tjrmiuil  lug.    Put  it,  TONGUE  first  in  the 
proper  nest  of  the  crimping  tool.    This  is  shown  by  the  color  code 
on  the  tool  data  plate.    The  barrel  of  the  terminal  lug  should  be 
up  against  the  locator  stop  of  the  crimping  tool  (figure  3). 

e.  Slowly  squeeze  the  crimping  tool  handles  until  the 
terminal  lug  is  held  in  place. 

Caution:    Do  not  squeeze  so  hard  as  to  dent  the  terminal  lug 
barrel. 

f.  Put  the  stripped  end  of  the  wire  in  the  terminal  lug 
barrel.    Hake  sure  the  insulation  of  the  wire  is  flush  against  the 
barrel  of  the  terminal  lug  (figure  4) • 
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Figure  4. 


g.  Squeeze  the  crimping  tool  handles  closed.    When  the 
handles  are  closed,  the  ratchet  will  release, 

h.  Take  the  crimped  terminal  lug  from  the  crimping  tool, 

i.  Have  the  instructor  check  your  work. 
4.      Crimping  Wire  Splice  Connections 


a.      Turn  to  page  5-30  in  TO  1-1A-14  and  read  paragraph  5-53. 


b.  Take  the  wire  that  you  just  crimped  a  lug  to,  and  cut 
it  in  half,  strip  one  end  of  each  wire  about  3/16  of  an  inch  (,476cm). 

c.  Twist  the  strands  of  wire  so  they  can  be  put  in  the 
barrels  of  the  splice  connection.  * 


d.     Turn  the  locator  stop  down  and  out  of  the  way  (figure  5) 


e.      Select  a  splice  connection.    Put  it  in  che  crimping  tool 


so  that  the  collar  of  the  splice  connection  is  in  the  locator  groove 
(figure  6).  Be  sure  that  the  side  of  the  splice  to  be  crimped  is  on 
the  conical  die  side  of  the  locator  groove  in  the  upper  nest. 


TERMINAL  LOCATOR 
SWUNG  DOWN  OUT  OF  Vki 


Figure  5. 


221} 


V 


LOWER  DIE 


/ 


COLL 


ERIC 


CONICAL  SI  OE 

\ 

UXATOR  GROOVE 
^  Figure  6. 

f .  Put  the  wire  in  the  wire  inside  of  the  splice  connector 
until  it  stops. 

Caution:    Do  not  get  fingers  or  any  objects  caught  in  the  jaws 
of  the  crimping  tool. 

g.  Crimp  the  connection  by  squeezing  the  handles  of  the 
crimping  tool  all  the  way  closed. 

h.  Take  the  wire  splice  connection  from  the  crimping  tool.  \ 
Check  to  make  sure  the  connection  is  tight.  — ' 

i.  Havfc  the  instructor  check  your  work. 

j .     Take  the  splice  that  you  just  made  and  turn  it  around 
and  install  it  in  the  crimping  tool. 

k.      Take  the  other  half  of  the  wire  with  the  terminal  lug 
on  it  and  put  it  in  the  splice  and  crimp  it  down.    Have  the  instruct***3^** 
check  your  work. 

5.      Soldering  Electrical  Connections 

a.  To  know  how  to  make  good  electrical  connections  with 
solder  is  important,  because  of  the  many  different  conditions  to  which 
an  aircraft  is  subjected.    The  electrical  connections  must  be  able  to 
carry  electrical  current  with  no  loss  of  current  due  to  leakage  or 
resistance. 

b.  A  detachable  electrical  AN-connector  (figure  7)  has  a 
plug  (male)  and  receptacle  (female)  assembly.    The  two  parts  are 
fastened  together  by  means  of  a  coupling  nut.    You  must  take  care  not 
to  crossthread,  strip,  or  jam  the  nut.    Notice  also,  that  the  pin 
contacts  in  the  AN-connector  have  cups  in  which  a  wire  can  be  placed 
and  soldered. 

c.  In  TO  1-1A-14,  Section  IX,  read  paragraph  9-7  that 
defines  soldering. 
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Figure  7.  AN-Connector. 


d.  Solder  used  for  soldering  electrical  wiring  is  usually 
of  the  40-60  type.    This  means  that  the  solder  h%#40%  lead"  and *60% 
tin.    Solder  may  be  of  the  core  wire    r  solid  viaf  type.    Core  wire 
solder  has  a  core  of  flux,  th£t  may  ue  rosin  or  acid.    Rosin'  core 
solder  is  always  used  when  soldering  electrical  connections. 

Note:    Never  use  acid  core  solder,  for  electrical  connections. 
Acid  core  solder  tends  to  cause  corrosion  and  this  will  cause 
a  high  resistance  to  the  flow  of  electrical  current. 

Solid  wire  solder  may  be  used  for  soldering  electrical  connections. 
When  this  type  of  eolder  is  used  the  rosin  flu*  will  have  to  be  put  on 
the  wire. 

e.  Flux  is  alchemical  reducer  that  is  used  for  conditioning 
the  surfaces* to  be  soldered.    When  the  surface  is  heated  to  melt  the 
solder,  the  flux  will  melt  before  the  solder.    This  will  help  the 
solder  remove  any  chemical  substance  that  may  cause  the  solder  not 

to  stick  to  the  metal.    The  rosin  flux  will  also  help  stop  oxidation 
when  the  metal  is  heated. 


f .      Soldering  irons  are  rated  by  wattage.    The  irons  can 
be  had  in  wattages  that  range  from  20  to  500  watts.    Soldering  irons 
with  wattage  ratings  of  60,  100,  and  200  watts  are  for  general  use  in 
soldering  electrical  wiring. 

6.      Procedure  for  Soldering  Electrical  Connections 

a.  Tell  the  instructor  that  you  are  ready  to  use  the 
wire  maintenance  trainer  (figure  8). 

b.  Make  sure  the  trainer  is  UNPLUGGED  and  the  circuit 
breaker  is  pulled  OUT. 
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LIGHTS 


AW- COW  ECTOR 
FIXED   PLUG  MOUNTING 


Figure  8,    Wire  Maintenance  Trainer, 

c.  Just  below  th«  circuit  breaker  there  are  four  single 
pole  switches,  marked  A,  Bf  C  and  D.    Make  sure  each  switch  is  OPEN. 

d.  To  the  right  of  the  switches  is  an  AN-connector .  Remove 
the  plug  from  the  AN-connector,    Put.  the  plug  on  the  fixed  plug  mounting, 

e.  Refer  to  figure  9  and  remove  the  grommet  and  back  nut 
from  the  plug  o<^  the  AN-connector , 

f.  Cut  a  piece  of  wire  6- inches  Ion*  (15cm),    You  will  use 
the  wire  that  you  spliced  in  the  previous  steps  for  the  second  wirt. 

Refer  to  Section  1  of  this  workbook  and  strip  one  end 
of  each  wire  one-fourth  of  an  inch  (0,635cm), 

h.  Turn  to  Section  II  of  TO  1-1A-14  and  read  paragraphs 
2-48  through  2-50. 

i.  Tin  the  aol^erin*;  Iron  by  follow  I      the*  nti-pn  In 
TO  1-1A-14,  Section  IX,  paragraph  9-20. 

J .      Tin  the  stripped  end  of  each  wire  by  following  the 
steps  in  TO  1-1A-14,  Section  II,  paragraph  2-54. 

Note:    If  you  need  help  ask  the  instructor. 
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BODY  ASSEMBLY 


Figure  9, 

k.      Refer  to  figure  9  above.    Slide  the  back  nut  about  half 
way  up  the  wires  putting  the  tinned  ends  through  first,    Nc    push  the 
tinned  ends  of  the  wires  through  the  grommet  so  that  the  wires  will 
line  up  with  the  pins.    Push  the  grommet  up  the  wires  to  the  point 
where  the  one  wire  is  spliced. 

1.      Turn  to  Section  IX  of  TO  1-1A-14  and  read  paragraphs 
9-32  through  9-40. 

m.      Solder  the  tinned  ends  of  the  wires  to  the  pins  of  the 
AN-connector.    Follow  the  steps  in  paragraphs  9-32  through  9-40  in 
TO  1-1A-14, 

Not*,:    Have  the  instructor  check  your  work. 

n.      Disconnect  the  wires  from  the  AN-connector.    You  are 
going  to  solder  the  wires  into  the  AN-connector  so  that  switch 

  vi1    turn  on  light    and  switch  will  turn  on 


light  .    Follow  the  steps  of  paragraphs  9-32  through  9-40  in 

TO  1-1A-14. 

o.      After  the  wires  have  been  soldered  to  the  AN-connector, 
reassemble  the  plug  (see  figure  9).    Push  the  grommet  down  the  wires 
to  the  body  assembly.    Push  the  back  nut  over  the  grommet  and  sctew  it 
onto  the  body  assembly.    Now  remove  it  from  the  fixed  plug  mounting 
and  connect  it  to  the  receptacle  (see  figure  8). 
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p.      Refer  to  Section  1  of  this  workbook  and  strip  the  wire  ^ 
end  that  has  no  terminal  lug.    Now  refer  to  Section  3  of  this  workbook 
and  crimp  a  terminal  lug  to  this  wire.    Take  the  nuts  off  of  terminals 

  and  J;  with  the  5/16  nut  driver, 

q.      Connect  the  wire  from  pin    of  the  AN-connector  to 

terminal    on  the  terminal  strip.    Connect  the  wire  from  pin   

of  the  AN-connector  to  terminal    on  the  terminal  strip.  Tighten 

the  nuts  on  the  terminals  so  that  they  are  snug. 

Note:    Have  the  instructor  check  your  work. 

r.      Plug  the  trainer  into  the  28V  DC  outlet  and  push  the 
trainer  circuit  breaker  in. 

s.      Close  the  contacts  of  switch   ,  light  should 

illuminate.    Close  the  contacts  of  switch    and  light    should 

come  on.    If  the  lights  do  not  illuminate,  ask  the  instructor  for 
assistance. 

t.      Open  the  contacts  of  the  switches  you  closed,  pull  out 
the  trainer  circuit  breaker  and  unplug  the  trainer. 

j 

u.      Remove  the  two  wires  from  terminal  strip. 

Take  the  AN-connector  off  the  AN-receptacle  and  put  it 
on  the  fixed  mounting  (see  figure  8).    Disassemble  the  AN-connector  and 
unsolder  th2  wires.    Remove  the  wires  from  the  back  nut  and  grommet  and 
reassemble  the  AN-connector. 

w.      Inform  the  instructor  you  have  completed  thi3  project. 
The  instructor  will  give  you  further  instructions. 
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Environmental  Paeudraulic  Branch 
Chanute  AFB,  Illinois 


3ABR42331  -WB-303C 
8  October  1975 


AIRCRAFT  HANDTOOLS 


OBJECTIVES 


Given  this  workbook  and  the  use  of  equipment  lockers  #3  and  #4  and 
applicable  handtools,  select  and  identify  the  handtools  used  for  the  tasks 
listed,  with  not  less  than  70Z  accuracy. 


EQUIPMENT 


Equipment  Locker  #3 
Equipment  Locker  #4 
Applicable  Handtools 


Basis  of  Issue 

l/student 

1/student 

1  box/student 


PROCEDURE 


From  equipment  lockers  #3  and  #4,  get  the  propen  handtools  for  the 
tasks  listed     Write  the  name  of  the  handtool  in  the  blank  that  corresponds 
with  the  tau*>    When  you  have  finished,  take  the  handtools  and  this  jfork- 
book  to  t'\e  instructor  for  verification  and  grading.    When  he  signs/your 
record,  return  all  the  tools  to  the  proper  place.  / 


Task 

1.  Used  to  Ireak  loose  stubborn  nuts. 

2.  Used  on  Phillips  type  screws. 

3.  Used  on  odd  sized  nuts. 

4.  Type  of  pliers  used  for  cutting. 

5*  Used  for  beating  on  soft  materials. 

6.  Used  fox  cutting  hard  materials. 

7.  Measui48  twisting,  force  on  nut  or  bolt. 

8.  Used  to  remove  common  screws. 

9.  Used  to  twist  safety  wire. 

10.  used  when  a  boxend  wrench  won't  vork. 


Handtool 


OPR:  TAS 
DISTRi:  JTION:  X 

TAS  -  500;  TTVGC  -  2 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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Envlroaoental  Pneudraulic  Brmnch 
Chanuto  AFB,  Illinoie 

AIRCRAPT  HARDWARE 

OBJECTIVES 

Given  a  workbook  and  three  aircraft  hardware  diaplay  boxes, 
natch  selected  items  with  a  list  of  ueee,  with  not  leas  than  70% 
accuracy* 

EQUIPMENT 

Baaia  of  laaue 
Aircraft  Hardware  Diaplay  Boxes       3/1  student 

PROCEDURE 

Go  to  the  three  aircraft  hardware  diaplay  boxea  that  are  on  the 
front  wall  of  classroom  A-115.    Read  each  of  the  statemente  below. 
Match  the  * tat omenta  to  the  corresponding  items  of  hardware.  The 
items  may  be  in  any  of  the  three  diaplay  boxes.    There  may-be  more 
than  one  answer  for  aach  etatment. 

The  three  diaplay  boxea  are  labeled  A,  B,  and  C.    Put  the  number 
of  the  hardware  item  in  the  blank  space  to  the  right  of  each  state- 
ment, under  the  corresponding  display  box  letter. 

Display  Box  Letter a 
ABC 

1.  The  item  that  would  be  used  to 

aafety  a  castellated  nut  ia  number   

2.  The  nut  that  can  be  tightened 
with  the  fingers  and  used  on  a  part  that 

ia  removed  frequently  ia  number   

3.  The  type  of  bolt  used  in  bolting 
the  wing  to  the  fuselage  of  an  aircraft 

la  number   

4.  The  type  of  acrew  used  to 

attach  naneplatea  to  castings  is  timber   

5.  The  bolt  that  Is  made  of  ateel 
and  used  where  ahear  strength  is  needed 

is  number   


OPR:  TAS 
DISTRIBUTIONS  X 

TAS  -  150;    TTVCC  -  2 

Dew^ned  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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6,  Tha  typa  of  nut  that  la  uaad 
for  blind  aounting  and  uiiti  asiutananca 
is  nuabar 

7.  Tha  typa  of  bolt  that  is  uaad 
whara  f atigua  raiiatanca  and  taaaila 
atrangth  ara  naadad  la  nuabar 

8,  Tha  itan  that  would  ba  uaad  to 
eonnact  a  plpa  thraad  tuba  to  »  f larad 
tuba  la  nuabar 

9.  Thraa  f larad  tubas  hawa  to  ba 
connactad  togathar,  ona  io  at  a  right 
aagla  to  tha  othar  two.   Tha  ltaa  that 
would  ba  ucod  la  nurSar 

10.  Tha  fitting  that  would  ba 
ucod  to  eonnact  two  f larad  tuboa  Is 
nuabar 


Display  Box  Lattara 
ABC 
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PROGRAMME!/  TEXT 


3ABR42331  -PT-304 


Technical  Trainir.3 


Aircraft  Environmental  Syatama  Machanlc 


OPERATION  OF  AN  AIRCRAFT  AIR  CONDITIONING 
SYSTEM  MOISTURE  SEPARATOR 


19  Auguat  1975 


CHAWJTE  TECHNICAL  TRAINING  CENTER  (ATC) 


Thla  supersedes  3ABR42231-PT-403,  20  July  1972. 
OPR:  TAS 
DISTRIBUTION:  X 

TAS  -  150;    TTVGC  -  2 


•  Designed  Fa/  ATC  Cearse  Uaa 

00  MOT  VSK  OH  THt  JOB 
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FOREWORD 


This  progressed  text  wee  prepared  for  use  In  the  Aircraft  Environ- 
mental S ye teas  course.    The  average  tine  required  to  complete  this 
text  was  20  minutes. 

OBJECTIVES 

After  completing  this  programmed  text,^ou  will  be  able  to: 

1.  Recall  the  function  of  the  moisture  separator  components. 

2.  Explain  the  principles  of  operation  of  the  moisture  separator 
assembly. 

3.  Name  the  main  parts  of  a  basic  moisture  separator  with  80%- 
accuracy , 

INSTRUCTIONS 

This  program  presents  Information  In  small  steps  called  "frames." 
After  each  step  you  are  asked  to  select  the  correct  statement ,  match 
some  statement,  or  respond  to  the  information  presented  In  some  other 
way.    Read  the  material  presented  and  make  your  response  on  the  response 
sheet.    DO  NOT  HARK  IN  THIS  TEXT.    Compare  your  responses  with  answers 
at  the  top  of  even  numbered  pages.    If  you  are  wrong,  reed  the  frame 
again. 
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Frame  I 

An  aircraft  moisture  (water)  separator  In  an  air  conditioning 
system  Is  made  to  remove  70  to  85Z  of  the  water  from  the  air  that 
is  passed  through  It.    The  water  Is  In  the  form  of  a  vapor.  The 
size  and  shape  of  the  separator  Is  determined  by  (1)  the  size  of 
the  cd>in  In  the  aircraft  (2)  the  aanbunt  of  air  put  out  by  the  air 
conditioning  system,  aud  (3)  the  location  of  the  separator  In  the 
system. 

Let  us  consider  the  unit  used  by  a  typical  cargo  aircraft.  This 
unit  Is  about  two  feet  long  and  12  Inches  In  diameter.    This  cone- 
shaped  unit  has  an  opening  at  both  ends;  one  for  air  IN  and  one  for 
air  OUT.   We  are  mostly  interested  In  how  It  works  Inside.  The 
complete  unit  is  shown  in  the  diagram. 


Answer  the  statements  as  true  (T)  or  false  (F) • 

1.  All  water  separators  are  the  seme  size. 

2.  Size  determines  the  basic  operation  of  a  moisture  separator. 

3.  The  moisture  separator  removes  a  large  percentage  of  the 
water  vapor  from  the  conditioned  air. 


t 
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Correct  Responses  to  Frame  1:    1.    F,     2.    F,     3.  T. 
Frame  2 

In  the  diagram,  you  can  see  the  location  of  the  moisture  separator 
In  the  eye  ten.    Note,  all  the  conditioned  air  must  pass  through  the 
separator .    All  aircraft  have  the  separator  located  downstream  of  the 
refrigeration  unit.   You  trill  recall  that  cold  air  does  not  hold  as  \ 
much  wtter  as  warm  air.    So,  due  to  the  faet  cooling  of  the  air  through 
the  turbine,  the  water  vapor  In  the  air  will  condense  into  a  fog. 
This  fog  will  form  water  droplets,  end  in  soma  casee,  enow  or  ice 
crystals.   We  do  not  want  this  fog,  rain,  snow  or  sleet  to  blow 
into  the  cabin.    It  is  removed  by  the  moisture  separator. 


Complete  the  statements. 

1.  Moisture  separators  are  always   of  the  turbine. 

2.   X  of  the  conditioned  air  passes  through  the  moisture 

separator. 

3.   *f  air  holds  more  water  than   air. 
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Identification  of  parts  of  a  moisture  separator. 


9 


ame  3 


1.  Bypass  valve 

2.  Seal 

3.  Springs  (2) 

4.  Chain 

5  •  Support 

6.  Conical  condenser 

7.  Rubber  0-ring  seals  (2) 


8.  V-band  damp 

9,  Shell  assembly  (inlet  end) 

10 .  Arrow 

11.  Eliminator  assenbly 

12.  Shell  assenbly  (outlet  eud 

13.  Drain 

f 


Study  the  illustration  until  you  are  able  to  identify  each  part 
from  memory. 


NO  RESPONSE  REQUIRED 


3 
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Comet  Responses  to  Frsas  2:    1*    Jownatreaa,     2     100,     3.  warm/cold. 
Correct  Eesponse  to  Frsas  3:    None  Requited, 
treat  4 

Grooved  flenges  ere  welded  to  both  parts  of  the  shell  assembly, 
where  the  two  shell  helves  join.    0-rlng  seels  ere  installed  In  these 
grooves  to  stop  sir  end  weter  leakage  during  operation.    The  sir  Inlet 
end  outlet  connections  (see  Illustration  In  freae  3)  ere  beaded  end 
fastened  to  the  rest  of  the  air  conditioning  ducting  by  rubber  sleeves. 
The  sleeves  ere  held  In  piece  by  cleape.   Welded  on  the  elde  of  the 
shell  esseably  are  breefcets  that  allow  the  entire  eeeeably  to  be  bolted  - 
to  the  aircraft.    An  arrow  on  the  shell  ehowe  which  way  the  air  flows. 
Aligning  pins  on  the  flanges  ere  used  to  properly  fit  the  two  halves  „ 
of  the  shell  ass sab ly  together. 

Coaplete  the  statements. 

1.  The  0-rlng  prevents  air  and  water  leakage  et  the 

cleap  connection. 

2.  The  arrow  on  the  shell  esseably  indicates  of 


3.  The  aoleture  seperetor  ie  bolted  to  the  

4.  The  inlet  end  outlet  connections  are  beaded  end  festened 

to  the  eir  conditioning  ducting  by  rubber  
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Frame  5 


The  conical  condenser  fits  snugly  over  the  support.    It  is  held 
In  piece  by  e  spring  at  the  smell  end  and  a  spring  and  chain  assembly 
at  the  large  end.    As  the  cold  air  comes  off  the  turbine,  the  water 
vapor  condenses  Into  a  fog  made  up  of  small  water  droplets.  The 
condenser  will  cause  these  small  droplets  to  condense  Into  large 
droplets  (fuse  together). 


CONOCNSCR 


ORYAtft  y 

OUTLET  / 


The  air  goes  through  the  condenser  end  hits  the  support.  The 
support  is  louvered  and  will  give  the  air  a  swirling  motion  as  it 
goes  through.   This  swirling  will  cause  the  weter  droplets  to  be 
thrown  outward  end  against  others,  forming  still  larger  drops.  This 
weter  sad  air  mixture  then  goes  through  the  eliminator  assembly. 
The  drops  of  water  strike  and  n*  down  the  vertical  rods  of  the 
eliminator  to  the  bottom  of  the  shell  asseably.    The  water  collects 
here  and  is  drained  overboard. 

Complete  the  statements. 

1.     The  conical  condenser  fits  over  the  support. 


2.     The  conical  condenser  the  water  droplets 


3.  The  conical  umdtnssr  gathers  water  droplets  into 

 weter  droplets. 

4.  The  conical  condenser  fits  over  the  ^  . 

5.  The  louvered  support  gives  the  air  a  ___mmmm  motion. 

6.  The          ^  assembly  takes  the  water  out  of  the  air. 
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Correct  Baaponses  to  Frame  4:    1.  seal,     2.    direction/air  flow, 
3.    Aircraft,     4.  i1mvu» 

Correct  Responses  to  Fraaa  5:    1.  snugly 9     2.    f use/ toga ther, 

3.    tiny /larger,     4.    support,  5.    swirling,     6.  eliminator 

Frama  6 

A  bypass  valve  Is  In  the  snail  and  of  tha  support  (saa  tha 
illustration  In  fraaa  5)  .    This  Is  tha  end  of  tha  support  that  first 
receives  the  flow  of  air,  NR^is  air,  aa  you  will  recall,  cones  from 
tha  turbine  and  is  quite  coldNjThe  temperature  of  tha  air  sight  even 
drop  below  the  freexing  point*    n^thla  occurs,  the  water  condensed 
by  the  conical  condeneor  night  turn^nto  a  solid  sheet  of  ice*  The 
ice  would  cauaa  the  flow  of  air  to  sMS-    This  Is  where. che  bypass 
valve  coaii  in.    Since  we  MOST  have  a  fW  of  air  to  tha  cabin,  this 
safety  device  was  built  in*   Tha  bypass  mvt  works  Ilka  a  pressure 
relief  valve.    Tha  bypass  valve  is  held  cldeed  by  a  spring*    In  this 
closed  position  the  valve  will  ford  nil  of  she  air  to  flow  through 
tha  conical  -ondensor.    Tha  air  can  than  rid  itself  of  moisture.  If 
the  conical  condensor  freezes  over  pressure  will  build  up,  upstream 
of  tha  bypaas  valve*   Whan  the  air  pressure  la  mora  than  tha  pressure 
of  the  bypaas  valve  spring,  tha  bypass  valve  opens  and  lets  the  air 
paas  through.    But,  this  tims  tha  sir  carries  with  It  any  moisture 
that  is  generated  from  the  refrigeration  process.    Keep  in  mind,  the 
flow  of  air  to  tha  cabin  is  a  MUST,  whether  or  not  it  carries  uisture. 

Complete  the  statements* 

1.  Tha  bypaas  valve  is  installed  in  the  wd  of 

the  support. 

2.  The  bypass  valve  is  heldaclosed  by  a  • 


3.     Air  flow  to  tha  cabin  is  a 


Frame  7 

Identify  each  pert  of  the  moisture  separator.    If  in  doubt,  go 
back  to  Frame  3  and  review. 


i. 

2. 
i. 
4. 
5. 
6. 
7. 


Conical  condenser 

Support 

V-band  clamp 

Drain 

Chain 

Spring*  (2) 

Shall  assembly  (inlet) 


8. 

9. 
10. 
11. 
12. 
13. 


Rubber  0-ring  soala 
Eliminator  assembly 
Seal 

Shell  assembly  (outlet) 

Bypass  valve 

Arrow 


Check  you**  responses  for  Frajnes  6  and  7  on  page  8.    If  you  missed 
any  of  the  questions  in  Frame  7,  check  yourself  by  rereading  the 
frame  containing  the  information  asked  by  the  matching  items.  If 
you  need  help,  ask  your  Instructor. 
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Correct  Responses  to  Frame  6:  1.  smell,  2.  spring,  3.  MUST. 
Correct  Responses  to  Frame  7: 


1. 

Bypass  valve 

8. 

V-band  clamps 

2. 

Seel 

9. 

Housing  (Inlet  end) 

3. 

Springs  C) 

10. 

Arrow 

4. 

Chain 

11. 

Eliminator  assembly 

5. 

Support 

11. 

Housing  (outlet  end) 

6. 

Conlcsl  condenjer  (sock) 

13. 

Drain 

7. 

Rbber  0-ring  seals  (2) 

s 
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Environmental  Pneudraulics  Branch  3ABRA2231-WB-304 

Chanute  AFB,  Illinois  ^ 

MAINTENANCE  OP  MOISTURE  SEPARATORS 

OBJECTIVES 

After  completing  th'a  workbook,  you  will  be  able  to: 

1.  Remove  and  replace  the  condenser  bag  and  bypass  valve  from 
the  moisture  separator. 

2.  Inspect  the  condition  of  a  moisture  separator  by  following 
technic*!  order  instructions. 

/ 

Standard  of  performance: 

Each  student  will  be  evaluated  by  an  instructor  using  a  checklist, 
EQUIPMENT 

Basis  of  Issue 

TO  15A7-2-11-13  1/2  students 

Moistuxe  Separator  Assembly  1/student 

Rachet  Handle,  3/8"  Drive  1/2  students 

Socket,  3/8"  X  3/8M  Drive  1/2  students 

Duckbill  Pliers  1/2  students 

Side-cutter  Pliers  (Dikes)  1/2  students  j 

Four  (4M)  Common  Screwdriver  1/2  students  — • 

Safety  Wire,  .032  Sise,  Steel  1/2  students 

Safety  Goggles  1/student 

INSTRUCTIONS 

As  this  workbook  progresses,  you  will  be  directed  to  locate 
certain  items,  follow  directions,  or  do  certain  tasks.    At  all  times 
there  will  be  an  instructor  available  to  help  you.    Be  sure  to  ask 
him  any  questions  you  might  have  aoout  the  process  of  maintaining 
This  item.    Get  the  equipment  you  will  need  at  this  time. 

INFORMATION 

There  are  several  reasons  why  you  need  to  work  on  the  moisture 
separator.    During  certain v periodic  and  hourly  inspections  you  will 
need  to  clean  the  conical  condenser.    While  troubleshooting  a  mainte- 
nance wiite-up  on  the  air  conditioning  system  you  may  need  to  work  on 
the  moisture  separator.    The  proper  and  timely  maintenance  of  the 
moisture  separator  is  one  of  your  responsibilities. 


Supersedes  3ABR42231-WB-403,  13  July  1972. 
OPR;  TAS 
DISTRIBUTION:  X 

TAS  -  500;  TTVGC  -  2 

Designed  for  ATC  Coursa  Use.    Do  Not  Use  on  the  Job, 
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In  this  workbook,  you  will  bo  taught  how  to  maintain  and  inspect 
tha  moisture  separator. 

%  Whan  you  work  with  flbarglaaa9  aa  ia  thia  condanaar  bag,  you  muse 
waar  protactiva  clothaa  and  rubbar  glovaa.    To  make  the  Job  easier  for 
you  and  to  aava  tha  Air  Porca  money,  tha  fiberglass  bag  haa  been 
replaced  with  a  plaatic  bag  here  at  school.    You  will  not  need  wear 
protective  clothea  and  glovaa.    Aleof  you  will  not  waah  the  bags,  as 
they  do  not  gat  dirty  here  in  echool.    If  washed  too  much  the  bags 
would  deteriorate  feet, 

PROCEDURE 

1.     All  maintenance  made  on  an  aircraft,  or  a  part  from  an  air- 
craft must  be  done  fo  technical  order  (TO)  apecificationa.    Open  the 
TO  to  page  1. 

a.      Write  the  part  number  of  each  water  aaparator  that  this 
TO  will  cover. 


b*      On  the  moisture  separator  you  have,  find  the  data  plate 
and  list  the  following: 

(1)    Stock  number 


(2)    Part  number 


(3)    Serial  number 


c.     Doea  the  part  number  of  the  moisture  separator  match 
one  of  the  parte  numb a  re  Hated  on  the  front  page  of  the  TO? 

(Yea)    (No)  _ 

Note:    If  the  parte  numbers  do  not  match,  yuw  have  the  wrong 
TO.    If  the  parte  number*  do  match,  you  have  the  correct  T0# 
You  may  atart  with  the  taeke  in  the  workbook.    If  the  numbers 
did  not  match,  tell  the  inetructor. 

From  this  point  onf  make  aura  you  read  and  fully  understand  each 
step  before  you  do  the  task.    Watch  how  each  part  comes  off,  aa  you 
will  need  to  assemble  it  by  youreelf.    If  you  have  questions,  be  sure 
to  ask  the  instructor. 

2,     Use  the  IPB  (figure  3)  of  the  TO  and  the  inatructions  given 
to  disassemble  the  moisture  separator  assembly. 

a.      Start  by  removing  the  V-band  clean)  (12)  that  holds  the 
two  halvee  together. 


b.      Remove  the  spring  (18)  from  the  small  end  of  the  conical 
condeneer  support  assembly  (35). 


M3 

c.  Rmovt  the  conical  condenser  from  the  support  assembly 
and  lay  it  on  tha  banch  in  front  of  you. 

Warnings    Safaty  goggles  must  ba  worn  when  you  work  with 
safsty  wire. 

d.  Usa  tha  dikas  to  cut  the  safaty  wire  from  the  six 
screws  that  hold  tha  bypass  valve  (24)  to  the  support.    Remove  the 
screws  and  tha  bypass  valve* 


Note:    Do  not  try  to  disassemble  the  bypass  valve. 

e.  It  Is  now  time  to  Inspect  each  part.    Use  the  informa- 
tion found  in  the  inspection  section  (paragraph  4)  of  the  TO  to  make 
a  thorough  inepectlon  of  each  part.    List  all  discrepancies  below. 

Inspection  Findings 

Drain  (6  -  11)  

Shell  assembly  (15  -  36)  — m  

Bypass  valve  (24)    — — _ ^ _ 
Threaded  parts 
Nonkltttd  parts  mam^ 

Mote:    A  kitted  part  is  one  that  comes  in  an  overhaul  or  repair 
kit.    Honkltted  parts  are  large  parts  that  must  be  ordered 
separately. 

f.  After  you  have  made  the  inspection,  tell  the  instructor. 
3.     Reassemble  the  moisture  separator. 


a.  Install  the  bypass  valve  on  the  support  assembly,  then 
safaty  wire  the  screws.  Rave  the  instructor  inspect  your  safety  wire 
job  before  you  go  to  the  next  step.  ^ 

b.  Slide  the  conical  condenser  over  the  support  and  install 
the  spring  on  the  small  end. 

c.  Inetall  the  conical  condenser  support  assembly  back  in 
the  inlet  shell  aesembly. 

d.  Usa  the  alignment  pin  and  hole  to  be  sure  the  shell 
assemblies  are  aligned.    Be  sure  the  O-rlng  seals  (13)  are  in  the 
grooves. 

e.  Install  the  V-band  clamp  and  tighten  the  nut  with  the 
rachet  wrench. 

4.      The  fir*t  part  of  the  project  is  done.    Place  all  tools, 
equipment  and  the  moisture  separator  in  the  proper  storage  area. 
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5.  In  part  two  of  the  project  you  will  use  an  AFTO  Form  349 
to  account  for  your  time  and  tha  work  you  did. 

a.  Remove  TO  1C-130A-06,  Work  Unit  Coda  Manual  from  the 
TO  training  file.    Ask  tha  inatructor  for  an  AFTO  Form  349. 

b.  Uaa  TO  1C-130A-06  and  tha  information  liatad  below 
fill  out  tU  AFTO  Form  349. 

Job  Control  Number  -  2570521 

Work  Canter  -  C3360 

ID  Number  -  CA4051 

Priority  -  2A 

Location  -  Shop 

Type  Maintenance  -  Unscheduled 
When  Discovered  -  Minor  Inspection 

6.  After  you  have  finished,  asV  the  instructor  to  check 
your  work. 
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FOREWORD 

This  programmed  text  waft  prepared  for  use  in  the  3ABR42231  instruc- 
tional system*    The  materiel  contained  herein  has  been  validated  using 
30  42010  students  enrolled  in  the  3ABR42231  course.    Ninety  percent  of 
the  students  taking  this  text  surpassed  the  criterion  called;  for  in 
the  approved  lesson  objectives.    The  average  student  required  15  minutes 
to  complete  the  text.    After  completing  this  text  you  will  be  able  to 
attain  the  objectives  with  an  accuracy  of  70%. 

OBJECTIVES 

After  completing  this  programmed  text,  you  will  be  able* to: 

1.  Identify  factors  that  damage  ducting. 

2.  State  the  reasons  for  insulation. 

3.  Describe  the  types  of  insulation  repair. 

4.  Identify  the  types  of  damage  to  ducting. 

5.  Describe  the  corrosion  prevention  processes. 

INSTRUCTIONS 

This  text  presents  material  in  small  steps  called  "frames. M 
After  each  frame  you  will  find  a  utnber  of  statements  and  you  are 
asked  to  select  the  true  statement (s)  from  the  list.    The  answers 
to  the  correct  statements  can  be  found  on  the  top  of  the  next 
page.    DO  NOT  HARK  IN  THIS  TEXT.    If  you  select  the  correct  answer 
continue  to  the  next  frame.    If  you  chose  the  wrong  answer,  correct 
yourself  before  continuing. 

As  you  read  the  text,  ducting  will  be  available  in  the  classroom 
for  your  inspection. 


Supersedes  3ABR42231-PT-404,  24  February  1970. 
OPR:  TAS 
DISTRIBUTION:  X 

TAS  -  150;  TTVGC  -  2 
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/Off 

Frame  1 

Let  us  consider  soro  of  ths  things  that  damage  blssd  air  ducting. 
Two  of  ths  ttfcin  things  srs  vibration  and  people.    Vibration  can  bs  kspt 
to  a  minima  by  propsr  duct  noun  ting.    Most  damage  if  caused  by  mechanics 
that  walk  on  or  hit  ths  ducting  with  Umsrs,  screwdrivers,  stc.  These 
carelsss  actions  dent  and  twist  the  ducting.    The  Mechanics  can  also 
cause  daaags  to  ths  ducting  by  overtightening  clamps,  nuts,  and  bolts. 
If  thsse  clamps  era  too  tight,  a  duct  can  bs  cracked.    If  the  clamps  are 
too  loose,  they  nay  leak  and,  in  time,  will  causa  a  hols  to  burn  In  the 
duct  flange. 

Answer  sach  of  the  statements  as  true  (T)  or  false  (F). 

1.  Mechanics  cause  the  most  damage  to  a  duct. 

2.  If  ths  clamps  are  too  tight,  they  can  crack  the  duct. 

3.  Nothing  happens  if  clamps  are  not  torqued  properly. 

4.  The  mechanic  should  never  step  on  ducting. 

5.  If  the  clamps  are  too  loose,  they  could  causs  leaks. 
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Answers  to  Frame  1:    1«    T      2.    T       3.    F      4.    T       5,  T 
Frame  2 

Insulation  «round  the  ducting  is  ussd  for  several  reasons.    It  prevents 
the  mechanics  from  burning  themselves 9  and  protects  wiring  and  equipment 
near  the  ductlnf  from  getting  too  hot  and  then  burning.    This  insulation 
is  fireproof,  anu  the  cover  is  watertight  and  airtight.    It  is  made  of 
fiberglas  cloth. 

The  cover  of  the  insulation  is  what  you  will  be  repairing  in  the 
field. 

Answer  each  of  the  statements  as  true  (T)  or  false  (F) • 

1.  Insulation  is  used  to  prevent  burns, 

2.  The  insulation  is  made  of  fiberglas  cloth. 

3.  The  insulation  is  not  watertight, 

4.  The  insulation  i  airtight* 

5.  The  cover  of  the  insulation  is  repaired  in  the  field. 


ERLC 


Answers  to  Fraae  2:    1.  _T_     2.  JT_     3.  4,  JT_     5.  T 

Frame  3 

The  three  (3)  types  of  insulation  repairs  that  can  bt  made  are 
cemented,  saved,  and  spot-welded. 

Let  ue  first  talk  of  the  cemented  repairs.    The  same  type  of 
material  that  is  patched  is  also  the  patching  material. 

As  shorn  in  the  figure,  be  sure  you  cut  the  patch  for  cementing 
at  least  one  Inch  larger  on  all  sides.    This  allows  the  patch  to  hold 
in  place  when  the  cement  (glue)  is  put  on  the  patch. 


Answer  each  of  the  statements  as  true  \T)  or  falae  (F) . 

1.  Cemented,  «ewed,  and  spot-welded  are  types  of  insulation  repair. 

2.  Flberglae  cloth  Is  used  to  repair  flberglas  insulation. 

3.  The  patch  is  smaller  than  the  rip. 

4.  Cement  (glue)  is  used  to  repair  cemented  type  repairs. 

5.  The  patch  is  larger  than  the  rip. 
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Answers  to  Frame  3:  1.  T 
Frame  4 


2.  T 


3.    F       4*    T       5.  T 


The  sawed  insulation  is 
shown  in  the  top  figure.  Fiber- 
gles  thread  is  used  to  fix  this 
type  of  insulation  rip.  A 
curved  needle  is  used  to  make 
a  blind  stitch . 

When  metal  foil  insula- 
tion must  be  fixed,  a  spot 
welder  is  used  as  shown  in 
the  bottom  figure.    A  metal 
foil  patch  is  put  directly 
on  the  netal  foil  insulation. 

Answer  each  of  the  statements 
as  true  (T)  or  false  (F) . 


1. 


Fiberglas  thread  and  a 
curved  needle  are  used 
to  sew  the  insulation. 

The  ground  electrode 
must  make  contact  with 
the  patch  while  the 
welding  electrode  is 
being  used. 

The  metal  foil  patch 
must  be  larger  than  the 
rip. 


TWO  OF 
'INSULATION  FIBCT  . 

tafc  TjOHnru 

FOR  lyfc™** 
USE  r  TAFE- 


BUNO 

STITCH 


Sewed  Insulation  Repairs 


METAL 


Repairing  Metal  Foil  Insulation 


Anwar*  to  Fran*  4:    1.    T      2.    T       3.  T 

Frame  5 

Wrinkles,  dents,  and  scratches,  shown  in  the  figure,  are  the  three 
types  of  daaage  that  occur  to  ducting . 

Wrinkles  en^  dents  will  slow  the  flow  of  air  and  cause  hot  spots  in 
the  ducting.    Wrinkles  can  not  be  less  than  1/2 M  long  when  more  than 
1/8"  deep.    Dents  can  not  be  ^nore  than  1/16"  deep  when  less  tb*n  S/8M 
long*    These  limits  are  eet  for  if  the  dent  or  wrinkle  were  deep  and  too 
short,  the  sharp  metal  crease  that  goes  in  the  airstream  would  disturb 
the  flow  of  aij  beyond  acceptable  limits.    A  scratch  can  not  be  more  . 
than  2/1000"     002M)  deep.,  If  a  scratch  is  too  deep  the  scratch  will 
weaken  the  duct  wall  and  leakage  can  occur . 

It  is  not  necessary  to 
remember  the  damage  limits, 
you  should  remember  it  does 
take  much  damage  before  the 
must  be  replaced. 


Answer  each  of  the  statements 
true  (I)  or  false  (F).> 

1.  The  three  categories  of 
damage  are  wrinkles, 
dents,  and  scratches. 

2.  Wrinkles  slow  the  airflow 
and  cause  hot  spots. 

3.  A  deep  scratch  will 
weaken  the  duct  wall. 

4.  Scratches  are  likely  to 
cause  ducting  to  leak. 


SCRATCHES  OR  GOUGES 


Answers  to  Frame  5:    1.    T       2.    T       3,    T       4.  T 
Franc  6 

There  are  just  a  few  things  to  keep  in  mind  about  ducting  and  its 
repair*    When  working  with  a  screwdriver  make  sure  it  does  not  slip  and 
damage  the  duct  tag  or  the  insulation./  When  in  doubt  about  allowable 
damage,  always  check  the  TO.    Also  make  sure  you  use  che  proper  torque 
on  all  damps  and  bolts* 

It  is  npt  an  easy  joo  to  replace  ducting,  so  BE  CAREFUL  when 
working  with  it. 

No  Response  K^qMlred 

Frame  7 

Corrosicp  Control  \ 

Now  let  us  see  what  happens  to  ducting  if  corrosion  sets  in  and 
how  corrosion  can  be  slowed*    Corrosion  in  aluminum  aat  its  alloys 
looks  like  a  spot  of  dirty,  dust-like,  white  powder  that  is  on  the 
surface  of  the  metal.    This  gets  progressively  worse  as  deterioration 
increases,  and  the  metal  may  weaken  to  the  failure  point*    So,  you 
can  see  why  the  ducting  must  be  inspected  frequently  for  signs  of 
corrosion. 

To  slow  up  corrosion,  several  things  can  be  done*    The  metal 
can  be  painted,  waxed,  *>il  u,  or  coated  with  a  metal  that  corrodes 
slowly.    The  process  used  most  is  :o  coat  the  ducting  with  a  metal 
that  corrodes  slowly*    This  process  is  known  as  anodizing,  aluminum 
cladding,  chrome  plating,  or  copper  plating  to  name  a  few* 

Answer  each  of  the  statements  as  true  (T)  or  false  (?) . 

1*      Corrosion  appears  as  a  dust-like  white  powder. 

2.      Corrosion  can  weaken  the  metal* 

3*     Ducting  never  needs  to  be  inspected  for  corrosion. 

4*      Coating  the  metal  with  a  metal  can  be  called  alumirum  cladding. 

5.      Painting  cf  the  ducting  slows  down  the  corrosion  process. 
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Answers  to  Frame  ?:    1.    T       2.    T       3.    F_     4.    T       5.  T 


Frame  8 

Never  underestimate  ths  importance  of  anticorrosion  precautions. 
Any  corrosion  affecting  the  parts  of  an  aircraft  affects  the  safety  o 
an  entire  aircraft. 

No  Response 
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THE  CORROSION  MENANCF 


Frame  9 

Cleaning  Agents 

Some  of  the  types  of  cleaning  agents  used  in  the  Air  Force  are 
Stoddard  solvent,  Flash  solvent,  Type  I  solvent,  Type  II  solvent, 
Perchloroethylene,  Tetrachloroethylene,  and  Trichloroethylane. 

Trichloroethylene  is  used  more  than  the  other  cleaning  agents. 
It  is  used  to  clean  oxygen  parts,  degrease  bearings,  clean  motor 
gear  trains,  etc.    Do  not  try  to  clean  electrical  wiring  with 
trichloroethylene  as  the  wire  insulation  will  deteriorate.  Electrical 
parts  should  be  cleaned  with  a  lint  free  cloth  slightly  moist  with 
cleaning  solvent. 

Answer  each  of  the  statemeats  as  true  (T)  or  false  (F) . 

1.  Stoddard  solvent  is  considered  to  be  a  cleaning  agent. 

2.  Electrical  wiring  may  be  cleaned  with  trichloroethylene. 

3.  Flash  solvent  is  NOT  a    'aaning  agent. 

4.  Type  I  and  Type  II  solvents  are  cleaning  agents. 

WARNING 

If  solvents  are  used  in  a  closed  space,  good  ventilation  must 
be  used  to  keep  the  concentration  of  contaminants  in  the  air  from 
becoming  hazardous  to  health.    The  base  medical  service  will  check 
for  the  correct  protective  measures. 
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Answers  to  Frame  9:    1.  2.  3.  4.  T 

Frame  10 

Lubricants:    When  on  the  flight  line  you  will  use  many  different 
types  of  oil,  grease  and  lubricants.    We  lia%  a  few  of  them  that  you 
will  use. 

The  first  one  is  Specification  MIL-L-7645,  Lubricating JGrease. 
This  is  a  semisolid,  noncorrosive,  mild  extreme  pressure  lubricant. 
It  is  used  for  gears,  screws  and  threaded  parts.    It  is  used  for 
greater  loads  than  petroleum  oils.    The  grease  is  not  an  extreme 
pressure  or  "Hypoid"  lubricant. 

Specification  MIL-G-4343,  Grease,  Pneumatic  System  is  used  as 
.i  lubricant  between  rubber  and  metal  parts.    It  may  be  used  for 
pneumatic  systems,  pressurized  cabin  bulkhead  gromzaets  and  other 
mejhanlsms. 

Answer  each  of  the  statements  as  true  (T)  or  false  (F)  • 

1.  Specification  MIL-L-7645  is  a  single-grade  of  aircraft  turbine 
lubricating  oil. 

2.  MIL-G-4343  may  be  used  for  lubricating  grommets  between 
pressurized  cabin  bulkheads. 

3.  MIL-L-7645  is  a  noncorrosive  lubricant. 


4.      MIL-L-7645  is  considered  to  oe  very  corrosive. 
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Answers  to  Frame  10:    1.  J?_     2.  3.  4.  F 

Frame  11 

Two  of  the  most  used  lubricating  oils  are  Specification  MIL-L- 
007808F  and  MIL-L-6085.  Specification  MIL-L-007808F  lists  oils  of  a 
single-grade,  These  oils  are  used  In  turbine  engines  and  helicopter 
transmissions*  Specification  MIL-L-6085  lists  oils  that  are  used  in 
aircraft  Instruments,  electronic  equipment,  or  where  low  evaporation 
oil  la  required  for  both  high  and  low  temperature  operations.  These 
oils  can  be  used  where  oxidation  and  corrosion  resistance  is  desirable* 

Answer  each  of  the  statements  as  true  (T)  or  false  (F) . 

1*     MIL-L-007808F  lubricating  oil  covers  a  single-grade  of  aircraft  ~ 
turbine  lubricating  oil. 

2.  MIL-L-007808F  lubricating  oil  is  intended  for  use  in  specific 
turbine  engines  and  helicopter  transmissions. 

3.  MIL-L-6085  is  considered  to  be  a  low  evaporating  lubricating 
oil. 

A.      MIL-L-6085  lubricating  oil  may  not  be  used  where  high  or  low 
temperatures  are  applicable. 

5.      MIL-L-6085  lubricating  oil  is  not  a  corrosion  resistance  oil.  ) 


Answers  to  Frame  11:    1.  JT__     2.  Jl_     3.    T       4.    F       5.  F 

Fr&  e  12 

Keep  in  mind,  these  are  not  all  of  the  lubricants  that  are  used  In 
the  Air  Force,    When  you  need  any  lubricant  foi  repair  jobs,  refer  to 
a  technical  order  for  the  correct  specification. 

No  Response  Required 
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MAINTZNANCE  OF  BLEED  AIR  DISTRIBUTION  DUCTING 


OBJECTIVES 

Glvan  a  taction  of  aircraft  ducting,  inapact  for  corrosion,  nicks, 
scratches,  and  cracks,  identifying  three  discrepancies  on  completion  of 
the  inapact ion. 

EQUIPMENT 


Inspect  the  section  of  ducting  that  was  given  to  you  by  the  instructor. 
In  the  spaces  below,  list  at  least  three  discrepancies  foun*l  on  the  ducting. 
When  you  have  finished,  return  the  ducting  and  this  workbook  to  the  instruc- 
tor and  point  out  each  discrepancy  to  him. 

List  of  Discrepancies 


OPR:  TAS 
DISTRIBUTION:  X 

TAS  -  150;  TTVGC  -  I 
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Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 


Section  of  Aircraft  Ducting 
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PROCEDURE 
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FOREWORD 


This  programed  text  was  prepared  for  use  in  the  3ABR42331  instruc- 
tional system.    The  material  contained  herein  has  been  validated  using 
30  students  enrolled  in  the  3ABR42331  course.    Eighty  percent  of  the 
students  taking  this  text  surpassed  the  criteria  called  for  in  the 
approved  lesson  objectives.    The  average  student  required  one  hour  to 
complete  the  text. 


1.  Identify  procedures  used  in  bench  checking  components  of  the 
air  turbine  motor  with  a  minimum  accuracy  of  80%. 

2.  Identify  general  principles  pertaining  to  the  operation  of  an 
air  turbine  motor  with  a  minimum  accuracy  of  80%. 


This  programmed  text  presents  is  formation  in  small  steps  called 
"frames."    After  each  frame  you  are  asked  to  respond  by  selecting  one 
or  more  correct  statements  or  by  entering  "T"  (true)  or  "F"  (false)  in 
the  appropriate  blank.    After  you  have  made  your  response,  compare  your 
answer  with  the  correct  answer  that  is  given  on  the  next  even  numbered 
page  following  each  frame.    If  your  response  is  incorrect,  restudy  the 
frame  to  get  the  information  correctly  in  your  mind.    DO  NOT  MARK  IN 
THIS  TEXT. 


While  working  as  an  Environmental  System  Specialist,  you  will  be 
required  to  maintain  air  turbine  motor  systems  installed  on  various  types 
of  aircraft.    This  text  describes  a  typical  air  turbine  motor.    It  also 
describes  what  an  air  turbine  motor  is  used  for  and  the  principles  of 
operation. 
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Frame  1 


The  Air  Turbine  Motor  (ATM) .  is  a  motor  driven  by  Ur  pressure 
directed  against  the  curved  vanes  of  a  wheel.    This  wheel  is  connected 
to  a  series  of  gears  which  are  usttd  to  drive  any  of  the  following 
components:    alternators »  generators,  and/or  hydraulic  pumps.  (Re* 
far  to  figure  1  below.) 

The  primary  purpose  of  the  air  turbine  motor  is  for  an  emer- 
gency source  of  electrical  power  or  hydraulic  pressure  during  in-flight 
emergencies*    It  may  aXso  be  used  for  a  source  of  auxiliary  electrical 
power  or  hydraulic  pressure  during  ground  operation.    Not  all  air- 
craft are  equipped  with  an  air  turbine  motor* 


1.      The  air  turbine  motor  is  driven  by  an  electrical  motor. 


2.      The  primary  purpose  of  the  air  turbine  motor  is  for  an 

emergency  source  of  electrical  power  and/or  hydraulic 
pressure. 

}*      All  aircraft  are  equipped  with  an  air  turbine  motor. 


AIR 

PRESSURE 


Figure  1. 


Answer  the  following  statements  TRUE  or  FALS*. 
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Correct  Responses  to  Frame  1:       F    1.       T    2.       F  3> 

Note:  From  this  time  on,  the  text  will  refer  to  the  air  turbine 
wotor  as  ATM. 

Frame  2 

The  sources  of  air  that  are  •used  to  drive  the  ATM  are  as  follows: 

1.  Engine  Bleed  Air  (EBA)  for  ground  or  flight  operation.^ 

2.  Gas  Turbine  Compressor  (GTC)  for  ground  operation  on  some 
aircraft. 

3.  Ground  Air  Cart  (MA-1A)  for  ground  operation  ONLY  ♦ 
Answer  the  following  statements  TRUE  or  FALSE. 

 1.      The  MA-1A  is  used  to  drive  the  ATM  during  flight  operation. 


2.  The  GTC  provides  air  to  drive  the  ATM  during  ground  operation 
on  some  aircraft. 

3.  EBA  can  be  used  to  drive  the  ATM  for  both  ground  and  flight 
operation. 

4.  The  abbreviation  for  Air  Turbine  Motor  is  ATM. 


Frame  3 

In  order  to  understand  the  complete  operation  of  the  ATM,  you 
must  understand  the  operation  of  the  basic  parts  making  up  the  AIM. 
The  basic  parts  of  the  ATM  consists  of;  a  turbine  wheel,  gear  box 
asseufcly,  and  a  speed  control  system.    Before  we  discuss  the  operation 
of  the  AxM,  we  will  first  discuss  the  basic  parts  and  their  operation. 

NO  RESPONSE  REQUIRED 


''V 
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Frame  4 


Let  us  first  discuss  th«>  turbine  wheel.    By  now-  you  should  be 
familiar  with  the  principles  of  a  turbine  wheel.    If  you  remember 
from  previous  blocks  of  instruction,  a  turbine  wheel  is  a  curved 
vane  wheel.    The  turbine  wheel  will  rotate  when  a  pressurized  air  flow 
is  directed  on  it.    The  turbine  wheel  of  the  ATM  is  connected  to 
a  series  of  gears  within  the  ATM  gear  box  (the  gear  box  will  be  dis- 
cussed in  a  later  frame) . 

The  turbine  volute  (turbine  wheel  housing)  encloses  the  turbine 
wheel.    (Refer  to  figure  2.)    A  pressurized  air  source  is  applied  to 
the  turbine  volute  inlet.    The  volute  directs  the  air  "\ow  to  the 
turbine  wheel  vanes.    The  turbine  wheel  will  then  rotate,  turning 
the  gears  inside  the  ATM  gear  box* 


TURBINE  VOLUTE 
INLET  


GEAR 


Figure  2. 


Answer  the  following  statements  TRUE  or  FALSE. 

 1*      The  turbine  volute  houses  the  turbine  wheel, 

 2.      The  turbine  wheel  drives  a  series  of  gears  in  the  ATM  gear 

box. 


Correct  Responses  to  Frame  2:       F    1.    _T  2.       T    3-       T  4. 

Correct  Response  to  Frame  3:    None  required. 
Correct  Responses  tc  Frame  4:       T    1.      T    2  . 
Frame  5 

The  ATM  gear  box  houses  a  series  of  gears  (gear  train).  This 
gear  train  is  a  reduction  type.    There  are  two  output  drive  pads  that 
are  driven  by  the  gear  train.    (Refer  to  figure  3.)    The  upper  out- 
put drive  pad  is  used  to  drive  an  alternator  or,  generator  (depending 
on- the  type  of  aircraft  the  ATM  is  installed  on).    The  lower  output 
pad  is  used  to  drive  a  hydraulic  pump.    The  turbine  wheel  turns  at 
a  con trailed  speed  of  43,000  RPM.    The  speed  control  system  (which 
will  be  discussed  in  a  later  frame)  controls  the  turbine  wheel  speed. 
The  upper  output  drive  ped  will  drive*  an  alternator  or  generator 
at  a  speed  of  6,000  RPM.    The  lower  output  pad  will  drive  a  hydraulic 
pump  at  a  speed  of  3,500  RPM.    The  two  output  drive  pad  speeds  are 
educed  by  a  reduction  type  gear  train. 

Answer  the  following  statements  TRUE  or  FALSE. 

 1#      The  alternator  or  generator  is  driven  at  6,000  RPM. 


2.  The  hydraulic  pump  is  driven  at  3,500  RPM. 

3.  The  turbine  wheel  is  turning  at  43,000  RPM. 


070 
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Figure  3. 


Correct  Responses  to  Frame  5:       T    1 .   T — 2.  — T — 3. 

Frame  6 

The  ATM  has  an  nternal  oil  supply-    Oil  is  taken  from  the  bot- 
tom of  the  ATM  gear  box  bv  an  oil  pu^    The  oil  is 
an  oil  filter  and  then  though  an  oil  cooler.    The  oil  cooler  works 
on  £  same  principles  as  a  radiator  in  a  car.    The  o     passes  trough 
tubing  whicn  cooling  air  flows  across.    The  cooling  air  is  forced  in 
tnrough  the  bottom  of  the  oil  cooler,  over  the  oil  cooling  lines, 
and  then  out  the  oil  cooler  air  outlet.     (Refer  to  figure  4A.) 

Note:    Cooling  air  is  supplied  by  ram  air  during  flight  or 
an  ATM  cooling  fan  during  ground  operation. 

The  cooled  oil  is  then  directed  to  the  ATM  gears  and  bearings 
inside  the  gear  box.    The  oil  then  falls  back  down  to  the  bottom 
?    he  ATM  lear  box  and  is  recirculated  again.    The  i UM  has  a  f xller 
cap  and  an  oil  level  sight  gage  for  servicing  the  ATM  with  oil  The 
ATM  must  always  be  properly  serviced  with  the  proper  amount  and  type 
of  oil  to  prevent  internal  damage.     The  ATM  is  servicea  with  Miliary 
Specification  MIL-L-23699  type  oil  when  .he  oil    -el  reached    he  ADD 
mark  on  the  lower  sight  gige.     (Refer  to    igure  4 . >    The  oil  is 
poured  in  the  ATM  filler  port   mtil  the  oil  level  reaches  ihe  FULL 
mark  on  the  upper  sight  gage. 

Caution:    Never  overfill  the  ATM  with  oil. 
Answer  the  following  statements  TRUE  or  FALSE. 

1.  Oil  for  tne  ATM  is  taken  from  the  engine  oil  supply. 

2.  Oil  is  directed  through  the  ATM  by  an  oil  pump. 

3.  Military  Specification  MIL-L-6808  is  used  in  the  ATM. 

4.  An  oil  cooler  is  used  to  cool  the  ATM  oil. 

5.  When  the  ATM  oil  level  is  below  the  FULL  mark  but  not  to  the 
  ADD  mark,  the  ATM  must  be  serviced  with  oil. 
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Figure  4. 


4A. 


Correct  Responses  to  Frame  6:        F    1.        T    2 .        F    3.        T    4.  F 


Frame  7 

The  ATM  is  a  pneumatically  operated  motor.    This  taeans  it  is 
operated  by  air  pressure.    Air  pressure,  from  th<\  aircraft  bleed  air 
system,  enters  the  A^M  at  the  AIR  INLET.     (Refer  £o  figure  5.)  The 
air  entering  the  ATM  is  controlled  by  a  shutoff  valve  and  a  modulating 
valve.    Some  of  the  air  entering  the  ATM  air  inlet  is  tapped  cff 
before  the  shutoff  valve  butterfly.    This  air  us  tnen  diiected,  by 
metal  tubing,  to  the  shutoff  valve  actuator  ope.iing  diaphragm,  sole- 
noid valve,  and  overspr^d  trip  assembly.    Some  air  is  also  tapped  off 
between  the  shutoff  vave  and  the  modulating  valve  butterfly.  This 
air  goes  through  the  oil  cooler,  moisture  separator,  air  filter, 
ijnd    ressure  regulator.    The  air  is  then  uirected  to  the  compensating 
diaphragm  of  the  modulating  valve  actuator  (mod  valve  actuator) . 
lb    air  is  &lso  directed  through  the  speed  contr  ller  to  the  actu- 
ating diaphragm  of  the  mod  valve  actuator.    Whan  the  shutoff  valve 
and  mod  valve  butterflies  open,  the  bleed  air  is  directed  through 
tie  turbid  vrlwte.    The  turbine  volute  directs  the  air  to  the  tur- 
bine wheel,  then  out  the  turbine  exhaust. 

Answer  the  following  statements  TRUE  or  FALSE. 

 _1.      The  ATM  is  electrically  operated. 

 2.      Air  from  the  speed  controller  goes  tc  fnr  actuating  diaphragm 

of  the  modulating  valve. 

 3*      The  air  tnat  goes  to  the  modulating  valve  actuator,  goes 

through  the  oil  cooler  first. 
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Figure  5 . 
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Correct  Responses  to  Frame  7:       F    1.       T    2.   3. 

Frame  8 

At  the  beginning  of  this  text,  we  stated  that  the  ATM  drives 
two  output  pads.    The  upper  pad  at  6,000  RPM  and  the  lower  pad  at  3,500 
RPM.    This  speed  must  be  constant  or  the  components  attached  to 
them  will  not  work  correctly.    If  there  was  no  way  to  control  the 
airflow  that  is  directed  to  the  turbine  wheel,  the  turbine  wheel 
speed  would  not  be  constant.    This  would  directly  affect  the  speed 
of  the  two  output  pads.    For  example:    If  the  aircraft  engines  were 
running  at  idle  speed,  they  would  produce  a  lower  pressure  of  bleed 
air.    This  would  make  the  ATM  turbine  wheel  turn  at  a  low  RPM.  If 
the  aircraft  engines  were  then  accelerated,  the  bleed  air  pressure 
would  increase.    This  would  make  the  ATM  turbine  wheel  turn  faster. 
Since  the  two  output  pads  are  driven  through  a  series  of  gears ,  by 
the  turbine  wheel,  the  output  pads  speed  would  also  vary.  Therefore, 
we  must  have  some  way  to  control  the  amount  of  air  pressure 
to  the  turbine  wheel  to  control  the  output  "ad  speed.     In  the 
following  frames  we  will  discuss  how  the  ATM  speed  is  controlled. 

Answer  the  following  statements  TRUE  or  FALSE . 

 1.      To  control  the  output  pad  speed,  th«  air  pressure  to  the 

turbine  wheel  must  be  controlled. 

 2.      Air  pressure  to  the  ATM  inlet  will  always  be  at  a  constant 

pressure. 
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Correct  Responses  to  Frame  8:       T    1 .       F  2. 
Frame  9 

The  first  of  our  discussion  will  be  chose  components  th*t  control 
the  air  pressure  to  the  ATM  turbine  wheel •    The  air  that  enters  the 
ATM  is  directly  controlled  by  the  ATM  shutoff  valve  butterfly, 
(Refer  to  figure  6.)    When  an  air  source  is  applied  to  the  ATM  air 
inlet,  the  flow  is  stopped  due  to  the  ATM  shutoff  valve  butterfly 
being  closed.    This  valve  is  spring-loaded  to  the  close  position • 
Just  above  the  ATM  shutoff  valve  butterfly,  air  is  directed  (by  an 
air  tapoff)  to  the  opening  dicphragm  of  the  ATM  shutoff  valve  actu- 
ator and  the  solenoid  valve.    The  solenoid  valve  is  electrically 
controlled  by  the  ATM  ON/OFF  switch.    This  switch  is  located  in  the 
crew  compartment  of  the  aircraft.    When  the  ATM  ON/OFF  switch  is  placed 
to  the  OFF  position,  there  will  be  no  electrical  power  applied  to 
the  solenoid  valve.    Without  electrical  power,  the  solenoid  is  de- 
energized.    This  action  closes  off  the  bleed  port  and  opens  the  in- 
let port  (A)  of  the  solenoid  valve.    Now,  air  entering  port  A,  pa^s 
through  the  deenergized  solenoid  valve  to  port  B,    This  air  is  thelT 
directed  to  the  closing  diaphragm  of  the  ATM  suutoff  valve  actuator. 
The  air  pressure t  along  with  the  spring  tension  on  the  closing 
diaphragm,  will  keep  the  shutoff  valve  butterfly  closed.    Since  no 
air  pressure  can  reach  the  ATM  turbine  wheel,  the  ATM  will  not  operate. 

Answer  the  following  statements  TRUE  or  FALSE. 

 1.      The  air  pressure  which  is  directed  to  the  ATM  3hutoff  valve 

actuator  is  tapped  off  below  the  ATM  shutoff  valve  butterfly. 

 2.      The  ATM  will  not  operate  when  the  solenoid  valve  is  deenergized. 
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Correct  Responses  to  Frame  9:       F    1 .   T  2. 

Frame  10 

When  the  ATM  ON/ OFF  switch  is  in  the  ON  position,  (refer  to 
figure  7)  the  solenoid  valve  energizes.     Its  shaft  is  drawn  to  the 
left,  thereby  opening  its  bleed  port.     This  dumps  the  air  pressure 
from  the  bottom  of  the  closing  diaphragm  out  through  the  open  bleed 
port.    Now,  the  force  of  the  air  on  the  top  of  the  opening  diaphragm 
will  be  enough  to  move  the  shutoff  valve  actuator  downward.  This, 
in  turn,  causes  the  butterfly  valve  to  open  and  allow  airflow  to 
enter  the  ATM.     Just  below  the  shutoff  valve  butterfly,  air  pres- 
sure enters  a  tapoff  and  passes  through  the  oil  cooler.    This  oil 
cooler  is  a  heat  exchanger  that  serves  two  functions.     It  cools  the 
lubricating  oil  from  the  gear  box  and  it  cools  the  air  flow  that 
passes  through  it.     Ram  air  is  the  cooling  agent.    Once  the  air 
has  been  cooled,  it  passes  through  a  moisture  sepa>a<or,  air  filter, 
and  pressure  regulator.    The  moisture  separator  elimin^t<s  any  small 
particles  of  water  from  the  air  before  it  passes  into  the  ai^filter 
Th3  air  filter  removes  mial]  particles  of  dust  and  dirt  from  tfte^ 
air.    The  pressure  regulator  regulates  the  air  flow  to  a  maximum 
55  psig  to  the  comens^ting  diaphragm  and  speed  controller. 

Answer  the  following  statements  TRUE  or  FALSE, 

1.      The  solenoid  valve  starts  and  stops  the  ATM, 


 2.       he  pressure  regulator  regulates  pressure  to  the  compen- 
sating diaphragm  and  speed  controller  to  55  psig, 

 3 ,      The  oil  cooler  cools  air  going  to  the  solenoid  and  shut- 

off  valves. 

Frame  11 

The  speed  controller  (in  figure  7)  controls  the  air  flow  to 
the  mod  valve  actuating  diaphragm.    The  speed  controller  is  driven 
by  the  turbine  wheel  through  a  series  of  gears.    When  the  turbine 
wheel  speed  increases,  the  speed  controller  decreases  the  air  flow 
applied  to  the  mod  valv*  actuating  diaphragm.    This,  in  turn,  causes 
the  modulating  valve  actuator  to  move  the  butterfly  toward  the  close 
position.    By  closing  the  butt rr fly,  the  amount  of  air  flow  tc  the 
turbine  wheel  is  decreased  allowing  the  turbine  wheel  to, slow  down. 
As  the  turbine  wheel  decreases  speed,  the  speed -controller  allows 
an  increase  in  air  pressure  to  the  mod  valve  actuating  diaphragm. 
The  actuator  will  again  cause  the  modulating  valve  butterfly  to  move 
toward  the  open  position.    This  will  increase  air  f^ow  to  the  tur- 
bine wheel,  thus,  incieasing  its  speed.    In  this  wv /,  the  speed 
controller  will  control  the  turbine  speed  at  43,000  RPM. 


Frame  11  (Cont'd) 

Answer  the  following  statements  TRUE  or  FALSE. 

 1.      The  air  pressure  against  the  actuating  diaphragm  is  con- 
trolled by  the  speed  controller. 

 2.      The  force  of  the  air  pressure  from  the  speed  controller 

against  the  actuating  diaphragm  opens  the  modulating  valve 
butterfly. 

 3.      The  purpose  of  the  speed  controller  is  to  govern  turbine 

wheel  speed. 

 4.      The  modulating  valve  actuator  operates  the  modulating  valve 

butterfly. 


Frame  12 


If  the  turbine  sheel  speed  increases  to  a  critical  range  of 
52,000  to  56,000  RPM,  centrifugal  force  causes  a  plunger  on  the 
turbine  wheel  shaft  to  move  upward.     (Refer  to  figure  3.)  This 
causes  the  overspeed  trip  to  rotate  counterclockwise  on  its  pivot. 
The  overspeed  trip  forces  the  overspeed  trip  valve  down  and  opens 
the  overspeed  trip  valve  port.    Opening  this  port  allows  air 
pressure  from  the  tapoff  to  be  applied  to  the  shutoff  valve 
actuator  closing  diaphragm.    When  this  air  pressure  is  applied, 
the  ehutoff  valve  closes.    This  stops  ATK  operation,  even  lough 
the  solenoid  valve  small  bleed  port  is  still  open.    The  overspeed 
trip  valve  must  be  reset  after  repairs  are  made. 

Answer  tha  following  statements  TRUE  or  FALSE. 

 1.      Closing  of  the  shutoff  valve  butterfly  results  in  stopping 

ATM  operation. 

 2.      When  turbine  wheel  speed  reaches  a  speed  between  52,000 

to  56,000  RPM  the  o/erspeed  trip  valve  port  opens. 

 3.      The  overspeed  trip  plunger  is  operated  by  centrifugal  force. 
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Correct  Responses  to  Frame  10:       T    1  .       T    2.        F  3. 

Correct  Responses  to  Frame  11:       T    1.       T    2.        T    3.       T  4. 

Correct  Responses  to  Frame  12:       T    1 .       T    2.   2LJ*. 

Frame  13 

It  is  important  that  you  become  familiar  with  the  procedures  used  in 
bench  checking  the  components  of  the  ATM.     First  the  AIM  must  be  removed 
from  the  aircraft  and  mounted  on  a  test  stand.    Electrical  power  and  bleed 
air  are  required,  however,  most  checks  are  made  with  power  and  air  off. 

1.  The  solenoid  valve  -  with  28VDC  and  air  applied  -  can  be  checked 
by  operating  the  on  and  off  switch*     In  the  on  position  the  linkage  should 
be      'ly  retracted  and  with  the  switch  in  the  off  position  the  linkage 
shouid  be  fully  extended. 

2.  The  shutoff  valve  -  power  and  air  must  be  off  for  this  check. 
The  shutoff  valve  linkage  must  be  free       binding,  and  sticking  and  should 
move  approximately  1"  from  the  closed  v     open  position*    This  check 

is  made  by  moving  the  linkage  by  hand. 

The  opening  diaphragm  can  b.  checked  for  leakage  by  moving  the  linkage 
to  the  open  position  by  hand  and  by  using  a  finger  to  cover  the  vent  hole 
located  on  the  bottom  of  the  valve  housing.     If  the  diaphragm  does  not  leak, 
the  linkage  will  remain  in  the  full  open  position  as  long  as  your  finger 
is  covering  the  vent  hole.    When  your  finger  is  removed  from  the  vent 
hole,  the  linkage  should  return  to  the  full  closed  position. 

3.  The  overspeed  trip  valve  -  with  power  and  air  off  -  must  be  in 
the  reset  or  closed  position  for  the  ATM  to  operate*    Check  by  pressing  in 

slowly  on  the  overspeed  reset  button  until  the  plunger  is  ia  as  far  as  it  i 
will  go.    This  will  ensure  that  the  ATM  is  NOT  in  an  overspeed  condition. 

4.  The  pressure  regulator  -  with  power  and  air  on  -  can  be  checked 
by  using  a  pressure  gauge  installed  between  the  pressure  regulator  and  the 
modulating  valve.     Pressure  should  be^55  PSI  during  operation  of  the  ATM* 

5.  The  speed  controller,  with  potter  and  air  off,  can  only  be 
checked  visually  for  noticable  damage*     Its  internal  parts  can  be  checked 
by  removing  it  from  the  ATM  and  placing  it  on  a  special  test  stand. 

6.  The  modulating  valve,  with  power  and  air  off,  can  be  checked  fcr 
freedom  of  movement  by  moving  the  linage  full  open  and  closed  by  hand. 
Checking  of  the  diap  -qgms  cannot  be  done  without  disassembly  of  the  vaive. 

Answer  the  following  statements  TRUE  or  FALSE. 

 1.      The  solenoid  valve  linkage  should  be  fully  extended  when  the 

switch  is  off. 

 2.      The  ATM  shutoff  valve  must  be  able  to  move  2"  for  proper  operation. 

3.  pressing  in  the  overspeed  trip  vaive  button  ensures  that  there 
is  an  overspeed  condition. 

4,  The  ATM  pressure  regulator  shcjtld  maintain  65  PSI. 

 5.      The  modulating  valve  linkage  '.an  be  checked  for  freedom  of 

movement  in  the  same  way  as  the  shutoff  valve. 
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Correct  Responses  to  Frame  13:       Tl.       F    2.       F    3.       F  4. 


By  now  you  should  know  the  general  principles  of  operation  of  the 
ATM  and  the  procedures  for  bench  checking  Its  components.  You  should 
also  be  able  to  Identify  and  locate  the  different  components  that  make 
up  the  ATM.  Figure  9  is  an  external  view  of  the  ATM.  Study  figure  9 
and  identify  by  name  each  component  indicated.  This  should  enable  you 
to  easily  locate  components  for  bench  checking  and  troubleshooting  the 
ATM. 


T  5. 


Frame  1A 


NO  RESPONSE  REQUIRED 
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AIR  TURBINE  MOTOR  (ATM) 

Frame  1 

Frame  7 

Frame  13 
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1. 

1. 

2. 

2. 

2. 

3. 

3. 
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Frame  8 
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1. 
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Frame  9 
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1. 

Frame  3 
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No  Response  Required 

Frame  10 

Frame  4 

1. 

1. 

2. 

2. 

3. 

- 

Frame  5 

Frame  11 

1. 

 1. 

2. 

2. 

3. 

 3. 

Frame  6 

4. 

1. 
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2. 

1. 

3. 

2. 
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Frame  13 

No  Response  Required 
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Chanute  AFB,  Illinois  15  Hey  1979 

MAINTENANCE  OF  AIR  TURBINE  MOTORS 

OBJECTIVES 


Using  an  inspection  workcard  and  maintenance  data  collection 
forms,  inspect  an  a%r  turbine  motor  recording  a  minimum  of  three 
discrepancies. 

2.      Using  a  ground  air  cart  and  maintenance  data  collection  forms, 
perform  an  operational  check  of  the  air  turbine  motor. 

EQUIPMENT 

Basis  of  Issue 
Air  Turbine  Motor  1/student 
MA-1A  Ground  Air  Cart  1/jt^udent 

PROCEDURE 

This  workbook  has  three  projects  for  you  to  complete.    In  project 
1  you  will  inspect  an  ATM.    Project  2  has  you  doing  preliminary  items 
that  are  required  for  an  operational  ch«sck  and  then  performing  the 
operational  check.    Project  3  takes  you  through  the  ATM  and  MA-1A 
shutdown  procedures*'  Follow  the  instructions  glveti  to  you  in  each  of 
the  projects.    Your  lab  instructor  is  -also  required  to  check  you  on 
application  of  ground  safety  practices.    Be  careful  and  follow  those 
safety  precautions  taught  you  in  block  I. 

.    Project  1 

Your  laboratory  instructor  will  give  you  an  AFTO  Form  26  *nd 
Maintenance  Data  Collection  forms  (AFTO  Forms  349).    You  will  perform 
an  inspection  on  the  C-130  AIM  and  record  the  discrepancies  on  the 
AFTO  Forms  349.    Use  the  -06  code  manual  provided  by  your  instructor 
to  complete  your  AFTO  Forms  349.  vYour  laboratory  instructor  will  check 
your  work  before  going  any  further  into  the  workbook.    A  minimum  of 
three  (3)  discrepancies  must  be  found  and  documented. 
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Project  2 

1.      Prior  to  the  operational  check,  complete  the  items  listed 
below  and  check  them  off  as  you  complete  them. 

a.      Connect  control  box,  on  the  wall,  to  a  28V  DC  outlet 
op  '  le  right  side  of  the  load  bank  workbench.   


b.  Connect  load  bank  workbench  to  a  28V  DC  outlet  on  the 
wall,  lett  side  of  load  bank  workbench.  (   L 

c.  Turn  the  C-130  switch,  on  the  control  box,  to  the 
open  position.   


d.      Connect  the  ATM  to  a  28V  DC  outlet  on  the  left  side 
of  the  load  bank  workbench. 


e.     Make  sure  all  circuit  breakers  are  pushed  in  and 
ATM  control  switch  on  the  ATM  is  off. 


2.      Proceed  outside  with  your  laboratory  instructor  and  complete 

the  following  checklist  for  operation  of  the  MA-1A  ground  air  cart. 
WEAR  EAR  PROTECTION  WHEN  NECESSARY.    The  instructor  will  assist  you. 

a.  Remove  the  protective  cover  from  the  unit.   

b.  Check  the  unit  fuel  and  oil  levels.   

c.  Make  the  required  entries  in  the  unit  forms.   

d.  Lay  the  air. output  hose  straight  out  on  the 


ground , 


e.  Start  the  unit  and  when  the  light  comes  on,  momentarily 
turn  the  air  output  switch  on.    (This  removes  any  kinks  from  the 

air  supply  line.)   

f.  Shut  down  the  unit  and  connect  the  air  output  hose 

to  the  connection  on  the  side  of  the  building.  


g.      T\irn  on  the  master  and  air  output  switches  of  the 

MA-1A. 

i 

3.      After  the  checklist  has  oeen  completed,'  proceed  to  the 
ATM  laboratory  to  perform  the  following  steps  in  sequence,  and 
check  them  off  as  they  are  completed.    Observe  ail  safety 
precautions. 

a.  ATM  mounting  secure.  * 

b.  ATM  drain  plug  and  filter  plug  t-ght. 

c.  Pneumatic  ducts  in  place  and  secured. 
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4.      Operational  check 

a.  WEAR  EAR  PROTECTORS . 

b.  Turn  ATM  switch  on,  lo  ated  on  the  side  of  the  ATM. 

c.  Observe  and  Indicate  In  the  blanks  below  the  action 
of  the  following: 

EXAMPLE: 

(1)    Solenoid,  air  coming  from  bleed  port.  

Complete  the  next  three  on  your  own. 

(1)    Shutoff  valve,   • 


(2)  Modulating  valve, 

(3)  Generator,   


Project  3 

1-      Shutdown  procedures. 

a.  Use  checklist  below  and  check  off  each  step  as  you 
complete  It. 

b.  Turn  the  ATM  switch  off. 

c.  Unplug  the  ATM  from  load  bank  workbench. 


d.  Turn  the  C-130  switch  to  the  closed  position, 
located  on  the  wall. 

e.  Unplug  the  switch  control  box,  located  on  the 
wall,  from  load  bank  workbench. 

f.  Unplug  the  load  bank  from  the  wall  outlet. 

g.  Wipe  all  traces  of  oil  from  the  ATM  and  ATM 

oil  pan. 

Proceed  outside  to  c  aplete  this  part  of  the  checklist. 

h.  Tfcrn  off  the  "Master"  and  "Air  Output"  switches  on 

the  MA-L  . 


1.      Disconnect  the  air  Inlet  hose  from  the  side  of  the 
building  and  wind  it  on  the  cart. 

j.      Close  all  doors  on  the  MA-1A. 

k.      Install  the  protective  cover  on  the  MA-1A. 
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FOREWORD 

This  programmed  text  was  prepared  for  use  in  the  3ABR42231 
Instructional  System.    The  material  contained  herein  has  been  validated 
using  (30)  42010  students  enrolled  in  the  3ABR42231  course.  Ninety 
percent  of  the  students  taking  this  text  surpassed  the  criterion 
called  for  in  the  approved  lesson  objective.    The  average  student 
required  28  minutes  to  complete  the  text. 

OBJECTIVES 

Upon  completion  of  this  text,  the  student  will  answer  24  matching 
and  written  questions  on  the  components  and  operation  of: 

1.  An  Oil  Pack  Turbine 

2.  An  Oil  Sump  Turbine 

3.  A  Compressor  Type  Turbine 

4.  A  Variable  Nozzle  Turbine 

A  minimum  of  17  of  the  questions  must  be  answered  correctly. 

INSTRUCTIONS 

This  text  presents  material  in  small  steps  called  "frames. 11  Afttr 
each  frame  you  will  find  a  number  of  statements  and  you  are  asked 
to  select  the  true  statement/statements  from  the  list.    The  answers 
to  the  correct  statements  can  be  found  on  the  top  of  the  next  page. 
If  you  selected  the  correct  answers,  continue  to  the  next  frame. 

As  you  read  the  text,  the  turbines  will  be  available  for  you  to 
see  and  inspect.    If  you  have  any  questions,  ask  your  instructor. 


Frame  1 

On  today's  high  spaed,  high*altitude  jet  aircraft,  air  for  operating 
the  air  conditioning  syotem  for  <he  cockpit  or  cabin  is  taken  from 
the  last  stage  of  engine  compression.    This  air  has  a  very  high  temperature, 
which  is  usually  between  600-900  degrees  Fahrenheit  on  most  aircraft. 
This  air  is  known  as  engine  bleed  air.    In  this  text  and  on  the  flight 
line  it  is  simply  known  as  "EBA. "    After  the  heat  exchangers  cool  chis 
EBA  as  much  as  possible  it  is  routed  to  the  air  cooling  turbine,  which 
cools  the  air  further  by  rapidly  expanding  the  air. 

In  this  text  we  will  discuss  the  major  types  of  turbines  that 
are  used  on  today's  jet  aircraft. 

Note:    Check  (J)  the  following  statements  that  are  true. 

 1.      The  abbreviation  for  engine  bleed  air  is  EBA. 

 2.     The  temperature  of  engine  bleed  air  is  very  high. 

 3*      EBA  is  tapped  off  the  compressor  section  of  the  engine. 

 A.     The  heat  exchangers  cool  the  air  before  it  reaches  the 

cooling  turbine. 

 5.     The  air  is  cooled  by  expanding  it. 

////////// 
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Answers  to  Frame  1:       /   1.       /   2.       /   3.       /   4.   /  5. 

Fran*  2 

The  four  win  types  of  cooling  turbines  used  In  today's  aircraft 
are:    (1)  oil  sump,  (2)  oil  pack,  (3)  compressor  type,  and  (4)  variable 
nozzle.    Cooling  turbines  are  also  called  air  cycle  machines. 

As  the  turbine  units  are  being  discussed,  refer  to  the  foldouc 
(back  of  text)  In  order  to  see  the  location  of  the  components. 

The  aajor  conponents  of  the  oil  sunp  turbine  are  the  turbine 
wheel  (1)  and  fan  assenbly  (6) .    These  two  units  are  connected  by 
a  canon  shaft  (15).    The  turbine  wheel  Is  driven  by  EBA,  by  way  of 
the  nozzle  ring  (11) ,  which  causes  a  temperature  drof  by  rapidly 
expanding  the  air  on  the  outlet  side  of  the  turbine  wheel.    The  turbine 
then  drives  the  fan. 

The  fan  (6)  draws  ram  air  across  the  heat  exchanger  and  at  the  ' 
same  time  puts  a  load  on  the  turbine  to  prevent  the  turbine  from 
over speeding. 

Note:    Check  (/)  the  statements  that  are  true, 

 1.      The  turbine  cools  the  air  by  rapidly  expanding  it. 

^  2.     The  fan  draws  ram  air  across  the  heat  exchanger. 

 3.     The  fan  puts  a  load  on  the  turbine  to  prevent  overspeedlng. 

 4.     The  turbine  is  driven  by  the  fan. 

 5*     The  turbine  wheel  and  fan  assembly  are  connected  by 

a  common  shaft. 

 6.      The  four  main  types  of  turbines  are  oil  sump,  oil  pack, 

compressor,  and  variable  nozzle. 

////////// 
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Answers  to  Fraaa  2:       /   1.       /   ?,  3.   4.       /  b. 

✓  6,   

Frame  3 

Now  that  you  know  the  function  of  the  turbine  and  fan  assembly, 
let's  take  a  look  at  what  the  reat  of  the  parts  do. 

The  bearings  (9  and  14)  support  the  shaft  (15).    The  preload 
spring  (8)  absorbs  the  end  play  of  the  shaft. 

The  oil  for  lubricating  the  bearings  is  stored  in  the  sump  (3). 
A  felt  blanket  (5)  prevents  the  oil  from  reaching  the  bearings  in 
a  liquid  form.    The  oil  flows  slowly  through  the  wick  (4)  to  the 
blanket  (5)  and  then  to  the  bearings  (9  and  14).    The  s linger  rings 
(2)  draw  an  oil  mist  from  the  blanket  (5)  across  the  bearings  (9  and 
14) ,  then  returns  the  oil  to  the  sump  through  drilled  passages.  The 
labyrinth  seals  (oil  seals)  (10  and  13)  keep  the  oil  from  getting 
into  the  cold  air  duct  and  the  ram  air  duct. 

Note:    Check  (i^  the  following  statements  that  are  true. 

 1.     The  slinger  rings  draw  oil  across  the  bearings. 

 2.     The  bearings  support  the  shaft. 

 3.     The  labyrinth  seal  keeps  the  oil  from  getting  into  the 

cold  air  and  ram  air  ducts.  ' 

 _4.     The  felt  blanket  keeps  the  oil  warm. 

3.     The  felt  blanket  iteeps  ths  oil  from  reaching  the  bearings 
in  liquid  form. 


.6.      The  wick  keeps  the  oil  from  reaching  the  felt  blanket. 

////////// 
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/  6. 

Frame  4 


co  Pram*  3: 


/   1.       ✓  2. 


/  3. 


4. 


/  5. 


Let's  *ee  how  oil  is  added  to  an  oil  sump  type  turblnt.  The 
mount  of  oil  varies  with  type  of  aircraft*    You  will  have  to  look 
in  the  technical  order  co  find  the  correct  aaount.    Some  aircraft 
turbines  have  eight  gages,  eo  you  can  tell  at  a  glance  what  the  oil 
level  le.    Hwever,  tone  turbines  dc  not  have  a  sight  gage  so  the 
oil  must  be  measured  before  it  is  poured  into  the  turbine  unit.  For 
this  you  have  to  ass  a  measuring  cylinder  (figure  1) .    It  le  graduated 
in  cufcic  centimeters  (CCs).    Sow  aircraft  also  use  a  dipstick  to 
check  the  level  of  oil. 

Oil  is  changed  every  so  many  flying  hours.    This  again  varies 
from  aircraft  to  aircraft  sod  you  must  look  in  the  TO  for  the  exact 
time. 

Important  Note:    Never  overfill  the  turbine  unit  when  adding  oil. 
It  is  just  as  bad  to  overfill  a  turbine  as  it  is  to  underfill  one. 
Over  filling  will  cause  oil  amok*  to  get  into  the  cabin. 


»r  mo  tifiN?  fl**i  ,%  »»ovioie>  rui 

tt(A  ,U*iftG  CUfMOC*  *IT»  TNf  P»OPf 

to  r»ii  iu»t-M  oil  lumw 


A.  SYllMOf 

t.  ma*  hoic 
c.  muck  *uo 


D.  MAIM  nUO 
I.  SJOMT  OAOC 
f    Ml ASUKINO  CTllNOft 


Turbine  servicing. 

F'^ure  1. 

Note:  Check  (/)  the  following  statements  that  are  true 
1. 


J2. 
3. 


The  correct  amount  of  oil  used  in  a  turbine  is  found 
in  the  technic*.1,  order ♦ 

Measuring  cylinders  are  graduated  in  CCs, 

The  oil  in  the  turbine  unit  is  changed  after  so  many  hours 
of  flying  time. 

Never  over  fill  the  turbine  unit. 


minim 
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Frame  5 


foldoot  sway  and  fill  ln  the  blanks  in  figure  2  below. 
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tefer  to  the  foldout  In  Jta  ^ack  for  the  answers  to  Pram  5. 
Trmrn  6 

No*?  let's  dlscuaa  the  oil  pack  t™  cooling  turbine  that  is  shovn 
In  figure  3.    It  la  much  the  ana  aa  the  oil  aump  type  that  va  have 
juet  dlacuaaad  with  the  exception  that)  the  sump  la  packed  with  cotton. 

To  service  the  oil  pack  type  turblna  with  oil  you  will  have  to 
observe  the  following  procedures. 

\.  Remove  th*  turbine  from  the  aircraft. 

2.  Take  the  plug  out  of  the  drain  hole. 

x   3.  Turn  the  turblna  a?  the  drain  hole  la  u£. 

4.  Add  the  amount  of  oil  that  the  TO  specified. 


5.  Allow  the  turbine  to  remain  in  that  position  for  20  to  30 
mlqutes.    (Thia  allows  the  oil  to  soak  into  the  cotton*) 

6.  Rotate  the  turbine  unit  ao  the  drain  hole  la  down. 

7.  Allow  to  reaaln  in  thia  position  for  20  to  30  minutes,  this 
drains  the  excessive  oil. 

8.  Install  drain  plug  and  install  turbine  in  the  aircraft. 

Note:    Check  (A  following  statements  that  are  true. 

 1.     The  oil  pack  type  turblna  is  lubricated  by  soaking  cotton 

in  the  sump  with  oil. 

 2.      The  cotton  is  soaked  for  20  to  30  minutes. 

 3.     The  cotton  is  drained  for  20  to  30  minutes. 


_4.     The  oil  pack  type  turbine  is  basically  the  same  as  the  sump 
type. 

_5.     The  oil  in  an  oil  pack  is  serviced  through  the  fill  hole 
of  the  unit. 

m 

j6.     The  amount  of  oil  is  specified  in  the  TO. 

////////// 
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1. 


✓   2.       /  3. 


✓  4: 


5. 


NW^let's  discuss  the  compressor  type  turbine.    This  type  turbine 
is  such  the  iw  as  the  leet  two  with  the  exception  that  EBA  le  routed 
through  the  fen  end  turbine  wheel.    Consider  figure  4  es  we  discus ■ 
the  airflow.  * 

Engine  bleed  air  enters  at  the  Inlet  port  (a)  and  pastes  through 
the  primary  heat  exchanger  (b) .    The  air  then  enters  the  compressor 
end  of  the  tub ins  assembly  (e)  where  the  pressure  is  Increased.  The 
air  then  passes  through  the  secondary  heat  exchanger  (c)  for  a  further 
reduction  of  temperature.    Then,  the  air  enters  the  turbine  wheel 
where  the  air  1*  cooled  further  by  rapid  expansion  and  then  routed 
to  the  cooling  air  outlet  (d) • 
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Figure  4. 

Note:    Check  (/)  the  following  statements  that  are  true. 

JL»     Engine  bleed  air  is  routed  to  both  the  compressor  end  the 
turbine  wheel  in  a  compreasor  type  turbine. 

I.     The  compressor  end  of  the  turbine  assembly  compresses  air. 

.3.     The  turbine  wheel  by  rapid  expansion  cools  the  engine  bleed 
air  in  a  compressor  type  turbine. 

_4.     Compressor  type  turbines  are  much  the  same  as  a  sump  type 
turbine. 

"""l%3 
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Answers  to  Fran*  7:       /   1.       /   2.       /   3        /   4  ^/yi" 

Frame  8 

« 

The  variable  nozzle  turbine  ia  the  only  cooling  turbine  that 
maintains  a  constant  speed.    Aa  you  can  see  in  figure  5  below,  the 
widei;  open  the  nozzle  blades  (a)  are,,  the  faster  the  turbine  wheel 
will  rotate.    The  further  closed  the  nozzle  blades  are,  the  slower 
the  turbine  wheel  will  rotate.    An  actuator  opens  and  closes  the 
nozzle  blades.    In  this  way  the  turbine  can  be  made  to  run  at  a 
constant  speed  of  approximately  43,000  revolutiona  per  minute  (rpm) . 
This  allows  a  constant  supply  of  refrigerated  air  to  the  cockpit. 


4- 


A.  NOini  MAMS       I  IHNff  if  no       c  omt  mm 


Figure  5. 

Note:    Check  (S)  the  statements  that  are  true. 

1.  Closing  the  nozzle  blades  decreases  the  ¥peed  of  the 
turbine  wheel. 

2.  The  variable  nozzle  turbine  keeps  a  constant  speed  by 
changing  the  position  "of  the  nozzle  blades, 

3.  Opening  the  nozale  blades  decreases  the  speed  of  the 
turbine  blades. 

4.  Keeping  the  turbine  wheel  at  a  constant  speed  maintains 
a  steady  supply  of  conditioned  air  to  the  cockpit. 

////////// 
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A&mn  to  Txmm  8:       ✓  1.       /  2.   3,       ✓  4. 


Frana  9  > 

This  cooplataa  tha  discuss  loo  on  ths  a*  J  or  typas  of  cooling  turbinas 
usad  In  aircraft  systaaa,    Bsfors  we  cloaa  thsra  Is  ona  vary  Important 
thing  to  n—bar — navar  ovarflll  tha  turblna  unit  with  oil.    Tha  baarlngs 
on  an  ovarfllltd  turblna  imit  salsa  fastar  than  ona  with  too  llttls 
oil  in  It. 

////////// 
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Answer  to  PrtM  9:    Nom  Required. 


0  11  TURBINE  WHEEL 
CT)    S LINGER  RING 

©    OIL  SUMP  

0  WICK  


0    FAN  (H)  NOZZLE  RING 

0    RAM  AIR  INLET         (0)   COLD  AIR  OUTLET 


0  PRE-LOAD  SPRING  (Q)  LABYRINTH  SEAL 
0   BEARING  Q.  BEARING 


0    BLANKET   (ft))    LABYRINTH  SEAL     ©  SHAFT 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  Course  3AER42231. 
The  text  has  been  validated  using  30  students  from  the  subject  couise. 
All  of  the  students  achieved  at  least  90%  of  the  objectives  as  stated. 
Average  time  for  completion  of  the  text  is  six  hours. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames."    After  each  frame  you  are  asked  to  complete  a  statement, 
select  the  true  or  false  statement  or  match  some  statements.  Read 
the  material  presented  and  make  your  response  as  directed.  After 
you  have  responded,  compare  your  response  with  the  correct  ansver 
given  on  the  even  numbered  page  following  each  frame.    If  necessary, 
you  may  go  back  to  check  information  previously  given,  but  do  not 
skip  ahead.    Foldouts  number  1,  2,  and  3  will  be  in  the  back  of  the 
text. 

*  OBJECTIVES 
After  you  complete  this  text,  you  will  ue  able  to: 

1.      Select  statements  that  identify  the  function  of  the  fol- 
lowing components* 

a.  Ergine  bleed  air  check  and  shutoff  valve. 

b.  Air  conditioning  system  pressure  regulator  and  shut- 
off  valve. 

c.  Service  air  pressure  regulator. 

d.  Hot  air  temperature  control  valve  and  sensor. 

ct  Cooling  turbine  inlet  and  bypass  overtemperature  switches 

f .  Emergency  ram  air  actuator  and  door. 

2.  kecall  the  purpose  of  the  service  air  system. 

3.  Trace  the  electrical  circuits  for  control  of  the  engine 
bleed  air  check  and  shucoff  valves,  hot  air  temperature  control  valve 
pressure  regulator. 

EQUIPMENT 

Make  sure  you  have  colored  pencils  available  for  tracing  cir- 
cuits in  your  diagram. 

Supersedes  ~ST  3ABRA2231-PT-308,  21  August  1973,  that  can  be  used 
until  existing  stocks  are  exhausted. 
OPR:  TAS 

DISTRIBUTION:    X  , 
TAS  -  500;    TTVGC  -  2 
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Figure  1. 
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Correct  Responses  to  Frame  2:     1.    closed,      2.    open,      3.  check, 
shutoff,      A.    check,  shutoff,      5.  solenoid 

Frame  3 

Figure  2  shows  two  views  of  an  engine  bleed  air  check  and  shut- 
off  valve.    The  top  view  shows  the  solenoid  energized  when  the  engine 
Is  not  operating.    Notice  the  springs  that  hold  both  the  shutoff 
and  the  check  poppets  in  the  closed  positions,  when  the  engine  is 
not  operating. 

The  lower  view  shows  the  solenoid  energized  when  the  engine  is 
operating.    The  engine  bleed  air  will  push  the  check  part  of  the  valve 
open      Air  can  then  flow  through  the  passage  to  the  solenoid.  From 
the  solenoid  r.iv  can  flow  through  a  passage  to  the  back  side  of  the 
shutoff  poppet.    The  pressure  will  build  up  in  back  of  the  poppet  and 
will  hold  the  poppet  in  the  closed  position. 

In  the  following  statements,  fill  in  the  missing  information  in  the 
spaces  provided. 

1.  If  there  is  a  loss  of  28V  DC  electrical  power,  the  engine 

bleed  air  check  and  shutoff  valves  will   

(open/close) . 

2.  With  no  air  in  the  system,  the  poppets  are  held  closed  by 


3.      When  the  engine  is  operating  and  the  solenoid  Is  energized, 

the  check  poppet  will  be   and  the  shutoff 

poppet  will  be  _• 


4  O  < 

3i0 


.?'if»Mnn„Ma  to  Frame  3:    1.    open,      2,    springs,      3.  open, 


Correct  Responses  to  Frame  3: 
closed 

Frame  4 


With 
With  the 


the  too  view  in  figure  3  shows  the  solenoid  deenerg^ed. 
The  top  view  s  pQppet  openj  wit, 

the  engine  running,  a"  *i      P  through  the  passage  to 

solenoid  reenergized  the  air  Thg  air  Q8n  the  back  side  of 
the  back  side  of  the  sh utoK  p  PP  ^  t         fc  ^  vent 

the  shutoff  PoPPet  can  bleed  out  ^  Qf  ^  shut_ 

r  :Pre  rove-merthe^pring  tens  on  and  will  push  the  PoPPet  open. 
Air  can  then  flow  through  the  bleed  air-manifold. „ 

The  lower  view  shows  the  solenoid  energized,  when  the  engine  is 
The  lower  v  manifold' is  pressurized  from  the  other 

not  operatihg.    The  bleed  air  m  f    biged  ^  _an±foli  over_ 

552533  art  sai-sar-- - 

engine  that  is  not  operating. 

In  the  following  statements? fill  in  the .missing  information  in  the 
spaces  provided. 

1.  When  the  solenoid  is  df.energized ,  the  vent  port  is  

2.  When  the  solenoid  is  deenergized,  the  shutoff  poppet  is 
moved  open  by  —  —  ' 

3.  When  the  engine  is  not  operating,  a  reverse  flow  of  air 
is  prevented  by  the   — ' 
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Correct  Responses  to  Frame  4:  1.  open,  2.  air,  pressure,  3.  check, 
poppet 

Frame  5 

In  figures  2  and  2  we  have  seen  how  the  engine  bleed  air  check 
and  shutoff  valves  operate.    We  will  now  leaicn  how  the  engine  bleed 
Air  check  and  shutoff  valve  solenoids  are  controlled.    Each  engine 
has  a  valve  and  a  solenoid.    Keep  in  mind  that,  when  the  solenoids 
are  deenergized  and  the  engires  are  operating,  the  valves  are  open. 
When  the  solenoids  are  energized  and  the  engines  are  operating,  the 
valves  are  closed.    The  engine  bleed  air  check  and  shutoff  valve 
solenoids  are  controlled  by:     (1)  the  air  source  svitch,  and  (2) 
the  engine  start  relays. 

The  air  source  switch  (figure  4)  is  a  waffer  switch.    This  means 
there  are  six  switches  put  together  on  one  selector.    When  the  selector 
is  moved  all  six  switches  (wafers)  move  at  the  same  time.    The  air 
source  switch  is  used  to  choose  the  source  of  air  for  air  conditioning. 
The  switch  can  be  uoved  to  five  positions:     OFF,  LEFT,  BOTH,  RIGHT, 
and  RAM. 

When  in  the  OFF  position  both  the  left  ana  right  engine  bleed 
air  check  and  shutoff  valve  solenoids  are  epergized.    Keep  in  mind 
tha*  the  energized  solenoids  will  cause  the' valves  to  close.  With 
the  valves  closed  air  cannot  flow  from  the  ri^ht  or  left,  engines  for 
air  conditioning.     The  LEFT,  BOTH  and  RIGHT  switch  positions  just 
.control  the  valve  or  valves  from  which  bleed  air  is  taken.    That  is,, 
with  the  switch  in  the  LEFT  positi*!!Yand  both  engines  are  operating, 
air  flow  is  just  from  the  left  enginL    When  in  the  BOTH  position 
air  flows  in  from  both  engines.    In  tJke  RIGHT  position  air  flows  in 
from  the  righ*-  engine.  I 

In  the  following  statements,  fill  in  the  missing  information  in  the 
spaces  provided. 

1.      The  positions  of  the  air  source  switch  are  ( 


2.      The  left  engine  bleed  air  check  and  shutoff  valve  will 
close  when  the  air  source  switch  is  put  in  

or  '  - 


3.      The  air  source  switch  is  fou:\d  on  the  

panel . 

A.  When  the  air  source  switch  is  put  in  BOTH, '  the  left  and 
right  engine  bleed  air  check  and  shutoff  valve  solenoid 
will  be   .  / 

5.      With  the  air  source  switch  in  the  RIGHT  position,  the  air 
will  be  received  from  the   engine. 
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Figure  4. 
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Correct  Responses  to  Frame  5:     1.    OFF,  LEFT,  BOTH,  RIGHT,  RAM, 

2.    right,  ram,      3.    air  conditioning,      4.    deenergized,      5.  right 

Note:    Foldout  number  1  will  be  use  I  with  Frames  6  through  8. 
Frame  6 

Use  foldout  number  1.    The  wiring  diagram  in  foldout  number  1 
shows  the  electrical  circuits  that  control  the  engine  bleed  air  check 
and  shutoff  valves.    As  was  stated,  the  engine  bleed  air  check  and 
shutoff  valves  are  controlled  by  the  air  source  switch  or  by  the  engine 
start  relays.    We  are  still  just  concerned  with  the  air  source  switch. 

locate  the  following  parts  on  the  wiring  diagram  and  check  off  each 
part  (/). 

4-eft  engine  blee"  air  circuit  breaker  (CB-6.  ;  ^ 

^    Right  engine  bleed  air  circuit  breaker  (CB-7).  ;  . 

j       Air  source  switch  (only  two  wafers  are  shown).  ■  . 

Right  engine  start  relay.  ;  • 

Left  engine  start  relay.  *   • 

Right  engine  bleec*  air  check  and  shutoff  valve 

solenoid.  ;  • 

Left  engine  bleed  air  check  and  shutoff  valve 

Use  a  blue  pencil  to  .trace,  the  following  circuits  and  check  N)  each 
step  you  complete. 

Trace  the  circuit  with  the  air  source  switch  in  the  left  position. 

1.      Start  at  CB-7  (right  engine  bleed  air)  and  trace 

the  wire  to  pin  T^  on  the  air  conditioning  panel. —  . 

2m      From  pin  T,  trace  the  wire  to  the  air  rource 

switch  center  terminal  or  wafer  number  1.   

3.  Now  draw  the  switch  in  the  left  position  and  .trace 

the  wire  to  pin  ^  on  the  air  conditioning  panel. —  . 

4.  Notice  that  with  the  air  source  in  OFF  or  LEFT, 

current  will  go,,  to  pin    . 

^*      5.      From  pin  S,   trace  the  wire  to  pin  B-2  of  the  left 
engine  start  relay.    The  left  engine  start  relay 
is  not  energized.   
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6. 


Frame  6  (Cont'd) 

Trace  the  circuit  across  the  relay  contact  to^pin^ 
B-3.  "  — 

From  B-3  trace  to  pin  B-l  of  the  right  engine 
bleed  air  check  and  shutoff  valve  solenoid.  _ 


What  has  happened,    We  put  the  ai, :  source  switch 
position  and  it  energized    he  right  engine      ~  ^  f 

off  valve.    Keep  in  mind    the  engine  ^  ^ 

valve  is  energized  closed.    So,  it  we  shutoff  "alve 

switch   we  want  the  left  engine  b  Jj-  ■^J^^*  (closed, . 
to  be  deenergized  (open)  a-     the  rignc  yoj.ve  B 
Thus,  we  get  air  flow  from  the  left,  engine. 

Use  a  red  pencil  to  trace  the  following  circuits  and  check  (✓) 
each  section  vou  complete. 

Trace  the  circuit  with  vhe  air  source  switch  in  the  right  position. 

1.      Start  at  CB-6  (left  engine  bleed  air)  and  trace 

the  circuit  to  pin  0  on  the  air  conditioning  

panel .  '  ~~  — - 


2.  From  pin  0,  trace  the  wire  to  the  center  terminal 
wafer  number  2  on  the  air  source  f  itch.  -  _ 

3.  Now  dvaw  the  switch  to  the  right  Position  and 
t^ace  the  wire  to  pin  R  on  the  air  conditioning 
panel.    Notice  that  with  the  air  source  witch  in 

the  OF*  or  RIGHT  position  current  will  ^   

pin  R  on  the  air  conditioning  pa  .el .  —  _ 

A.      Trace  the  circuit  from  pin  R  to  B-2  on  the  right 
engine  start  relay.    The  right  engine  start  relay 
is  not  energized.  

5.      Trace  across  the  relay  contact  to  pin  B-3  and  to 

the  left  engine  bleed  air  check  and  shutotf valve^ 


solenoid, 


We  chose  che  right  position  on  the  air  source  switch  and  ener 
gized  the  Wt  engine  bleed  air  check  and  shutoff 
?he  solenoid  will  close  and  leave  the  right  engine  bleed 
and  shutoff  valves  deenergized.    We  now  have  air  flow  from  the  right 


engine 
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Correct  Responses  to  Frame  6: 


Tracing  of  circuits  on  foldout  number  1. 


Frame  7 

Lo  '   at  foldout  number  1.    The  second  means  of  controlling  the 
bleed  air  check  and  bhuvoff  valves  is  by  the  start  relays.    The  right 
engine  start  relay  is  energized  just  while  the  right  engine  is  being 
started      The  left  engine  start  relay  is  energized  just  when  the  left 
engine  is  to  be  started.    The  left  engine  is  started  with  air  supplied 
from  a  ground  air  cart.    After  the  left  engine  is  operating,  the  ground 
air  cart  is  removed.    Airflow  is  from  the  left  engine.    The  left  engine 
bleed  air  check  and  shutoff  valve  must  be  open.    This  is  how  the  engine 
start  relays  control  the  action. 

In  the  following  statement,  fill  in  the  missing  information  in  the 
space  provided. 

1.      The  right  engine  start  relay  is  energized  when  starting  the 
  engine. 
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Frame  8 


Look  at  foldout  number  1.    You  have  traced  the  circuits  with 
the  air  source  switch  in  the  left  and  right  positions.    Now  put  the 
air  source  switch  to  the  OFF  position.    Trace  the  circuit  to  both 
bleed  air  check  and  shdtofi  valves.    Both  are  energized.  During 
a  left  engine  start,  the  left  engine  start  relay  is  energized.  This 
will  pull  the  contact  down  and  break  the  circuit  to  the  right  engine 
bleed  air  check  and  shutoff  valve  solenoid.    When  the  left  engine  is 
operating,  the  engine  start  relay  deenergizes.    This  will  let  current 
flow  to  the  right  bleed  air  check  and  shutoff  valve.    Now  that  the 
left  engine  is  operating,  the  ground  air  cart  can  be  disconnected. 
When  the  right  engine  starts,  the  right  engine  start  relay  deener- 
gizes and  current  will  flow  to  the  3eft  engine  bleed  air  check  and 
shutoff  valve  solenoid  and  clos£  it.    With  the  air  source  switch 
in  BOTH  or  RAM,  both  engine  bleed  air  check  and  shutoff  valve*  will 
be  deenergized.    The  air  source  switch  turns  air  conditioning  on  or 
off  by  controlling  the  bleed  air  check  and  shutoff  valves. 

In  the  following  statement,  fill  in  the  missing  information  in  the 
space  provided. 

1.      The  left  engine  start  relay  controls  the   

engine  bleed  air  check  and  shutoff  valve. 
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Corrlc?  response  to  Frame  7:    1.    right  - 
Correct  Response  to  Frame  8:    1.  rign. 

Note:    Foldout  number  2  will  be  used  with  Frames  9  through^. 
Frame  9 

m  ,  .  .„  7      The  next  system  is  the  service  air 

sy,tr\ne  £52  5f^«  Spooled  air  to  control  various 
valves  and  to  operate  some  auxiliary  systems. 

The  first  part  in  the  service  air  system  is  the  service  air 
,1  relating  valve.    Look  at  the  lower  section  of  foldout 
pressure  regulating  v  ^  ^    Thg  tw>  parts 

^  orimlryTegulftor  and  secondary  regulator.  The  primary  regulator 
the  primary  lc6UAaL  ,      Th    primary  regulator 

controls  air  flow  to  a  pressure  of  55  psl.    The  p       ry  * 

ha8  a  red  indicator  that  TOVeSnUPt^e^^d^S^lator  win  control 
u.  n  *.v,p  rGa  indicator  moves  up,  the  secondary  r^io  « 
^pressure.    The  secondary  regulator  controls  air  pressure  to  73 
!S  P  When  the  red  indicated  sticks  out  the  service  air  pressure 
regulating  valve  should  be  removed  arid  a  new  valve  put  in. 

in  the  following  statement,  fill  in  the  missing  information  in  the 
space  provided. 


1.      The  service  air  is 
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my 

Frame  10 

Look  at  foldout  number  2.    The  next  part  in  the  service  air  pres 
sure  system  is  a  check  valve.    The  check  valve  stops  the  reverse  of 
air  flow  when  the  engines  are  not  c  crating.    From  the  check  valve, 
service  air  goes  to  the  first  stage  of  cooling,  then  to  the  air-to- 
air  heat  exchanger.    Cooling  ram  air  is  passed  through  a  duct  and 
sent  across  the  heat  exchanger  core.    Heat  from  the  service  air  is 
transferred  through  the  thin  walls  and  fins  of  the  cores.  Cooling 
ram  air  over  the  core  will  drop  the  temperature  of  the  service  a 

*  NO  RESPONSE  REQUIRED 


* 
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Correct  Response  to  Frame  9:    1.  55 
Correct  Response  to  Frame  10:    None  Required 

Frame  11 

Look  at  foldout  number  2.    The  air-to-water  heat  exchanger  is 
the  second  stage  of  cooling  for  service  air.    During  subsonic  and 
most  supersonic  flight,  the  cooling  ram  air  temperature  is  too  high 
to  cool  the  service  air  using  just  the  air-to-air  heat  exchanger. 
When  this  happens,  the  air-to-water  heat  exchanger  will  cool  service 
air  to  the  temperature  of  boiling  water.    As  the  hot  service  air 
goes  through  the  cores,  heat  is  transferred  to  the  water.    If  the 
service  air  temperature  that  goes  in  the  air-to-^water  heat  exchanger 
is  below  the  boiling  point  of  water,  little  o£  no  heat  transfer  will 
take  place.    At  an  altitude  above  sea  level,  the  reduced  ambient  air 
pressure  will  lower  the  boiling  point  of  water.    The  temperature  of 
the  service  air  can  then  be  reduced  as  much  as  100°F  helow  the  boiling 
temperature  of  water  (2X2°)  at  sea  level. 

NO  RESPONSE  REQUIRED 
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Frame  12 


Look  at  foldout  number  2.    The  service  air-to-air  neat  exchanger 
is  the  final  cooling  stage  for  the  service  air.    This  heat  exchanger 
is  made  of  two  aluminum  ducts,  one  inside  thet)ther.    Cold  air  from 
the  turbine  flows  through  the  inner  duct.    Service  air  flows  through 
the  outer  duct  and  is  cooled  by  this  air.    The  surface  between  the 
ducts  is  finned  for  a  better  transfer  of  heat.    Cool  service  air 
from  the  service  air-to-air  heat  exchanger  is  routed  to  each  air 
system  part.  ^ 

Trace  service  air  through  all  the  service  air  system  parts  that 
has  been  covered.    Look  at  foldout  number  2.    Trace  the  flow  of  air 
from  both  engine  bleed  air  check  and  shutoff  valves  to  the  service 
air  tap-off.    After  flowing  through  the  service  air  pressure  regulati 
valve,  service  air  flows  through  the  check  valve  and  to  the  air-to- 
air  heat  exchanger.    From  there  it  goes  to  the  air-to-water  heat 
exchanger  and  to  the  service  air-to-air  heat  exchanger.    Then  itfs 
directed  to  the  points  of  use. 

In  the  following  statement,  fill  in  the  missing  information  in  the 
spaces  provided. 

1.      The  final  stage  of  cooling  in  the  service  air  system  is 


done  by  the 


17 


Ml 

rrr-rarr  BMMnse  to  Frame  11:    None  Required 

Correct  Re sponse  to  trame  air-to-air  heat  exchanger 

Correct  Responses  to  Frame  i^.    j-  • 

Frame  13 

np  nressure  regulating  and  shutoff  valve  is  a  two  purpose 
i        %?  wiU  relate  or  turn  off  bleed  air.    The  regulating  part 

-^Fsks-t:  ^^r^;,61^  sots  .j 

Applying  28V  DC  power  to  th.\alv.  solenoid  will  cause  the  volve 
to  close. 

in  the  following  conditions  28V  DC  will  be  applied  to  the  pres- 
sure regulating  and  shutoff  valve  solenoid: 

1        In  the  engine  start  cycle  when  the  Lft  or  right  engine 
start  relay \s  energised.     This  is  to  stop  a  loss  of  starter  air 
througfc^the  cooling  components. 

2.  When  the  cooling  turbine  inlet  temperature  is  more  than 
350'F. 

3.  When  the  cooling  turbine  bypass  temperature  is  more  than 
165°F. 

4.  When  the  air  source  switch  is  moved  to  RAM. 

The  pressure  regulating  and  shutoff  valve  has  a  RED  overpressure 
,  a<  I^r      I    the  downstream  pressure  sh  .uld  rise  more  that,  a  set 
valve 8 The  p££  ^  "he  red  'indicator  will  move  to  the  out  position. 
This  will  show  that  pressure  limit  has  been  exceeded. 

If  the  red  indicator  is  found  to  be  out.  the  co'd  air  ducting 

if  the  inspection  and  regulation  check  are  good. 

In  the  following  statements,  fill  in  the  missing  information  in  the 
space*  provided*  % 

1.      When  starting  the  left  or  right  engine  the  pressure  regulating 
and  shutoff  valve  will   _  


2. 


The  pressure  regulator  and  shutoff  valve  can  be  closed  by 
(energizing/deenergizing)  a  solenoid. 


ERIC 


When  the  air  soW  switch  is  moved  to  RAM  the  pressute 
regulating  and^Tuitoff  valve  will  
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BLEED  AIR  ,  CHECK 
AND  SHUTOT 


BLEED  AIR 
CHECK  AND 
SHUTOFF  VALVE 


—  PRESSURE  REGULATING  AND  SHUTOFF  VALVE 


 SOLENOID 


Figure  5. 
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Correct  Responses  to  Frame  13:     1.     close,      2.     energizing,      3.  close 


Frame  14 

You  now  know  that  a  cooling  turhine  inlet  over temperature  condition 
will  close^  the  pressure  regulating  and  shutoff  valve.    The  cooling  tur- 
bine overtemperature  thermostatic  switch  protects  the  cooling  turbine 
from  overheating.    Look  at  figure  6.    The  cooling  turbine  overtemperature 
thermostatic  switch  is  placed  in  the  bleed  air  duct  to  the  turbine  wheel. 
If  the  turbine  air  duct  temperature  should  reach  350°F,  the  switch 
will -close  the  pressure  regulating  and  shutoff  valve.    This  will  cause 
the  valve  to  shut  of£  the  engine  bleed  air  to  the  turbine.    The  three 
conditions  that  couljd  cause  a  turbine  overheat  are: 

1.  The  air-to-air  heat  exchanger  ram  air  duct  is  blocked. 

2.  The  air-to-water  heat  exchanger  could  boil  dry.    This  would 
cause  an  overtemperature  condition  at  high  engine  settings. 

3.  Failure  of  the  bleed  air  ejector  valve  (this  will  be  covered 
in  a  later  lesson).  *  ✓ 

A  cooling  turbine  bypass  overtemperature  condition  will  close 
the  pressure  regulating  and  shutoff  valve.    The  turbine  bypass  valve 
is  open  in  certain  conditions  that  will  be  covered  later.    The  cooling 
turbine  bypass  overtemperature  thermostatic  switch  will  close  the 
pressure  regulating  and  shutoff  valve  if  the  turbine  bypass  temperature 
is  more  than  165°F*    Look  at  figure  6.    The  cooling  turbine  bypass 
overtemperature  thermostatic  switch  is  in  the  turbine  bypass  duct 
just  upstream  of  the  turbine  bypass  valve. 

In  the  following  statement,  fill  iu  the  missing  Information  in  the 
space  provided. 

1.      The  pressure  regulating  and  shutoff  valve  will  i\oK  open. 

This  could  be  caused  by  a   (open/short)  in 

either  the  cooling  turbine  inlet  overtemperature  switch 
or  the  cooling  turbine  bypass  overtemperature  switch. 
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AIR  TO  AIR  HEAT  EXCHANGER 
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Correct  Response  to  Frame  14:    1.  short 


Fraae  15 


Loo*,  at  the  wiring  sc'  emari    to  see  how  th€      essure  regulating 
and  ahatoff  valve  solenoid  is  energized.    Use  fo!  .out  number  3.  Find 
the  following  parts  on  the  wiring  schematic  and  check  off  each  part  (/)  . 


1.      Circuit  breaker  3  (28V  DC).  


2.  Air  conditioning  control  panel.  :  L. 

3.  Air  source  switch ,  _ 

4.  Right  engine  start  relay.  -  _ 

5.  Left  engTne  start  relay.-  L 

6*  Pressure  regulating  and  shutoff  valve.  „ 

7.  Cooling  turbine  over temperature  thermoswitch.  ^ 

8.  Cooling  turbine  bypass  overt emperature 
thermoswitch.  - 


Use  a  blue!  pencil  to  trace  the  following  circuits  and  check  (/)  each 
step  you  complete, 

1.      Trace  28V  DC  from  CB3  along  wire  II502A22  to  pin 

r  cn  the  air  conditioning  control  panel,.  ;    


2.  From  pin  P  trace  the  28V  DC  to  the  center  terminal 
of  tie  air  source  switch.  "  1 

3.  The  pressure  regulator  and  shutoff  valve  (SOV)  is 
energized  during  emergency  ram  operation'.  Place 
the  air  source  switch  in  the  RAM  position.  _ 

4.  Current  then  flows  to  pin  N  and  along  wire  H514D22 
from  terminal  1  on  TB3.   L 


irace  wire  H514A22  Ljom  terminal  1  on  TB3  to  pin 
4  on  the  pressure  regulating  -md  shutoff . valve.  _ 


6.      From  pin  4,  28V  DC  en^-jizes  the  solenoid  and 
goes  to  pin  1  or  the  ground.  4  


When  the  air  so-irce  switch  is  in  the  RAM  position  the  pressure 
regulating  and  .shuteff  valve  solenoid  is  energized  closing  the  valve. 


ERLC 
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Frame  13  (Cont'd) 

Trace  the  circuits  to  the  cooling  turbine  overtemp mature  thermo- 
static switch  and  cooling  turbine  bypass  overtemperature  thermostatic 
switch.    Check  each  step  you  complete.  (/). 

1.  Start  on  CB3  (28V  DC)  with  a  red  pencil  and 
trace  wire  H501J22  to  terminal  A2  on  the  left 
engine  start  relay.    From  terminal  A2  trace 

v  re  39B22  to  terminal  A2  on  the  right  engine 

start  relay.  -* 

2.  Trace  wire  39C22  from  uerminal  A2  to  C2  on  the 
same  relay  and  along  wire  39D22  t    terminal  C2 

on  the  left  engine  start  relay.  • 

3.  Trace  wire  H502A22  from  C2  to  terminal  3  on  TB3. 

4.  At  terminal  3  on  TB3  the  28V  DC  goes  two  different 

ways .  —   ■* 

5.  Trdcr  wire  H502L22  to  pin  2  on  the  cooling  turbine 
overtemperature  ' fcermostatic  switch  on  to  the 

contac  t  s .  ~~  -  -* 

6.  This  switch  is  normally  open  so  this  is  as  fai  as 
we  can  go.    Let  us  back  up  to  terminal  3  on  TB3 
and  trace  wire  H502K22  to  pin  4  on  the  cooling 
turbine  bypass  overtemperature  thermostatic  switch. 
Again  we  come  to  a  normally  open  switch.  Now 

we  have  the  power  potential  at  both  of  the 

overtemperature  switches.  *  ! —  

7.  Let  us  say  the  turbine  inlet  temperature  is  more 
than  350°F.    With  this  condition  the  normally  open 
cooling  turbine  overtemperature  thermostatic 
switch  will  close  and  let  the  28V  DC  flow  through 

the  switch  and  out  pin  1.  „  — 

8.  From  pin  1  current  flows  through  win:  H514C22 

to  terminal  2  on  n&3 .  

9.  From  terminal  2,  trace  wire  H514G22  to  terminal 
1,  then  out  wire  H514A22  to  pin  4  on  the  pressure 
regulating  and  shutoff  valve.   „  .  . 

28V  DC  energizes  the  solenoid  and  will  close  the  valve.  This 
shuts  off  air  flow  to  the  *  >)ing  turbine  and  will  let  it  cool  off. 

If  the  cooling  turbine  bypass  temperature  is  more  than  16?°F 
the  cooling  turbine  bypass  switch  would  close.    This  would  send  28V 
DC  to  the  pressure  regulating  and  shutoff  valve  solenoid  on  the  sane 
route  as  the  cooling  turbine  inlet  or  turbine  bypass  duct.    This  cir- 
cuit will  close  the  pressure  regulating  and  shutoff  valve.    Let  us 
trace  the  circuit  to  the  pressure  regulating  and  shutoff  valve  during 
engine  start. 


/ 


Frame  15  (Cont'd) 


We  traced  power  from  circuit  breaker  CB3  to  C2  on  the  left  and 
rifcht  engine  start  relays .    The  power  potential  at  C2  will  be  used 
to  close  the  pressure  regulating  and  shutoff  valves  during  engine 
start. 

Now  to  start  the  3  eft  engine .    The  left  engine  start  relay  is 
energized  during  engine  start. 

Use  an  orange  pencil  to  trace  the  following  circuits  and  check  (/) 
each  one  you  complete. 

1,      Trace  the  left  engine  start  relay  to  the  lower 

contact .  *  1 


2.  From  CI  the  current  flows  through  wire  H514B22  to 
terminal  1  on  TB3 .  V   

3.  From  terminal  1  trace  wire  H514A22  to  pin  4  on 

the  pressure  regulator  and  shutoff  valve.  ►  

4.  From  pin  4,  power  energizes  the  pressure  regulator 

and  shutoff  valve  solenoid,  closing  the  valve.  ■  

When  the  left  engine  is  operating  the  left  engine  start  relay 
deenergizes  and  breaks  the  circuit  to  the  pressure  regulator  and  shut- 
off  valve  reopening  it. 

Now  to  start  the  right  engine.    Trace  the  cir^ait  with  a  brown 
pencil  and  check  (/)  off  each  one  you  complete.    The  right  engine 
start  relay  energizes  during  rig'  c  engine  start,  moving  the  relay 
switch  to  the  lower  contact. 

1.  Trace  from  CI  on  wire  33A22  to  terminal  CI 

on  the  left  engine  start  relay.   ____ 

2.  From  terminal  CI  the  current  flows  the  same  route 
to  the  pressure  regulator  and  shutoff  valve  as  it 

did  during  left  engine  start.   _  

After  the  right  engine  is  operating,  the  right  engine  start  relay 
deenergizes.    This  breaks  the  circuit  to  the  pressure  regulator  and 
shutolf  valve  and  again  it  opens.    Yo*   have  now  seen  the  four  dif- 
ferent ways  to  close  the  pressure  regulator  and  shutoff  valve. 

1.  Left  or  right  engine  start. 

2.  Cooling  turbine  inlet  overtemperature . 

3.  Cooling  turbine  bypass  overtemperature. 

4.  By  selecting  ram  air. 
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Correct  Responses  fo  Frame  15:     Tracing  of  circuits  on  foldout  number  3. 
Frame  16 

Next  we  will  cover  the  not  air  temperature  control  valve,  the 
hot  air  temperature  sensor,  and  the  stabilization  controller .  These 
parts  are  in  the  hot  air  system.  v  The  hot  air  system  sends  conditioned 
regulated  air  to  th3  low  limit  temperature  control  valve,  the  hot 
modulating  valve,  and  the  windshield  clearing  system,    The  hot  air 
temperature  control  valve  and  sensor  control  bleed  air  temperature 
to  390°F.     This  is  done  by  controlling  the  amount  of  bleed  air  that 
is  mixed  with  partially  conditioned  air.    The  mix  is  to  keep  the  hot 
air  system  at  390°F.    Bleed  air  tapped  off  prior  to  the  pressure 
regulator  and  shutoff  valve  goes  to  the  hot  temperature  control  valve. 
The  hot  air  temperature  control  valve  and  the  hot  air  temperature 
sensor  control  the  amount  of  bleed  air  that  is  mixed  with  the  partially 
cooled  air  to  maintain  390°F. 

Figure  7  shows  the  hot  air  temperature  control  valve.    The  hot 
air  temperature  control  valve  is  a  pneumatically  actuated  valve. 
Servo  air  from  the  service  air  system  is  used  to  move  the  valve. 
The  hot  air  temperature  control  valve  has  a  solenoid  that  is  energized 
just  for  engine  start.    When  the  solenoid  is  energized  (for  engine 
start)  the  hot  air  temperature  control  valve  will  close.    The  hot 
air  temperature  control  valve  has  a  self-tes-t  feature.    Notice  the 
push  to  test  button  in  figure  7.    When  the  button  is  pushed,  the 
valve  will  go  to  the  ^closed  position.    The  push  to  test  feature  is  to 
let  maintenance  personnel  (you)  check  the  valve  for  good  operation. 
The  hot  air  temperature  sensor  is  an  air  sensor.    It  controls  the  flow 
of  service  air  to  the  hot  air  temperature  control  valve  by  sensing 
the  changes  in  duct  temperature.    The  sensor  is  made  of  a  stainless 
~Steel  probe,  an  invar  rod,  and  a  poppet  ^Ive.    An  invar  rod  is  a  type 
of  rod  that  will  not  change  length  if  there  is  a  change  in  temperature. 
The  stainless  steel  probe  sticks  out  in  the  air  duct.    As  the  temperature 
around  the  probe  gets  to  be  more  than>390°F  the  probe  will  expand. 
The  invar  rod  will  then  transmit  this  motion  to  the  poppet  valve  and 
cause  it  to  mov*  down.    As  the  poppet  valve  moves  down  it  slows  the 
flow  of  air  to  the  hot  air  temperature  control  valve  opening  diaphragm. 
This  will  cause  the  hot  air  temperature  control  valve  to  start  closing. 

The  stabilization  controller  keeps  the  hot  air  temperature 
control  valve  from  overreacting  to  a  change  in  servo  air  pressure. 
Keep  in  mind,  servo  air  pressure  to  the  hot  air  temperature  opntrol 
valve  is  controlled  by  the  hot  air  temperature  sensor.  \ 

Look  sjt  an  internal  view    f  the  hot  air  temperature  contrV  valve, 
hot  air  temperature  sensor,  and  stabilization  controller  (figur^8). 

\  1  '  / 
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Correct  Responses  to  Frame  15:  Tracing  of  circuits  on  foldout  number  3. 
Frame  16  (Cont'd) 

In  the  following  statements,  fill  in  the  missing  information  in  the 
spaces  provided • 

1.  The  hot  air  temperature  sensor  is  a  

thermostat . 

2.  If  the  air  temperature  at  the  hot  air  temperature  sensor 
is  more  than  390°F,  the  hot  air  temperature  control  valve 
will  

3.  Air  temperature  at  the  hot  air  temperature  sensor  is  main- 
tained at  390°F  by  controlling  the  flow  of   , 

air. 


4.      The  hot  air  temperature  sensor  controls  th 


valve. 

The  purpose  of  the  solenoid  on  the  hot  air  temperature  control 

valve  is  to   (open/close)  ti  e  \alve  during  the 

engine  starts. 


© 
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HOT  AIR  TEMPERATURE  CONTROL  VALVE 


Cor^tV^ses  to  Frame  16:  1.  P~« 
^eed,     4.    hot  air  temperature  control. 


pneumatic, 

5  * 


2,  clos% 
close 


3,  engine 


^Figure  S  shows  the  ^^T^ST^  Srt  a 
open  position;  less  than  390  F  duct  temp  ^  tQ  fche 

pressure  of  55  PSI  comes  In  the  top^ °\  ™  V       servo  air  will  pass 
losing  diaphragm.    From  the  f^f/^f^f liv  temperature  sensor, 
through  the  solenoid  (^energized)  to  the  n  controller 

Servo  sir  flows  through  the  sensor  '°  ature  control  valve. 

,nd  the  opening  diaphragm  of  the  not  ^  closing  dlaphragm  so 

The  opening  diaphragm  is  much  larger  The  pressure  over- 

the  servo  air  pressure  will  push  the  «*-££5t  J      ing  the  valve, 
comes  the  spring  and  closing  diaphragm  pressure  p 

<n  the  nissinc  information  in  the 
In  the  following  statements,  fill  in  the  missi  « 

spaces  provided. 

1.  The  hot  alt  te„perat„te  control  valve  >4< 
from  the  „  ~ 

2.  If  the  SMe  P.-«V'-^ir^»«°. 
closing  diaphragms  of  the  hot  air  temp 

lt  wln  (open/close)  . 
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Correct  Responses  to  Frame  17:    1.    service  air,      2.  open 


Frame  18 


If  the  duct  temperature  should  rise  more  than  390°F  the  hot  air 
temperature  will  close  off  the  servo  air  to  the  hot  air  temperature 
control  valve  opening  diaphragm.    See  figure  9.    The  servo  air  will 
push  the  closing  diaphragm  down  and  close*  t^e  hot  air  temperature 
control  valve.    Servo  air  will  then  flow  to\Jthe  hot  air  temperature 
sensor.    The  hot  air  temperature  sensor  is  stwvn  when  the  duct  temperature 
is  more  than  390°F.    The  hot  air  temperature  sensor  poppet  valve  shuts 
off  servo  ai*     hat  would  flow  to  the  hot  air  temperature  control  valve 
opening  diaphragm.    VTith  servo  air  pressure  on  the  closing  diaphragm 
and  no  air  pressure  on  the  opening  diaphragm  the  valve  will  close. 

During  an  engine  start  the  hot  air  temperature  control  valve 
solenoid  is  energized.    This  will  shut  off  the  flow  of  s^rvo  air 
to  the  opening  diaphragm  the  same  way  the  hot  air  temperature  sensor 
does. 

You  have  learned  how  the  hot  air  temperature  control  valve  operates 
in  the  open  and  closed  positions.    During  actual  operation  the  hqt 
air  temperature  sensor  will  control  servo  air  to  the  hot  air  temperature 
control  valve  so  it  will  modulate.    This  is  how  390°F  is  maintained  * 

In  the  following  statements,  fill  in  the  missing  information  in  the 
spaces  provided. 

1.      If  duct  temperature  should  rise  more  than  390°F  the  hot  air 


temperature  sensor  will 


(open  up/close  off)  servo  air  to  ^he  hot  aft  temperature 
control  valve   (open/close)  diaphragm. 


During  engine  start  the  hot  air  temperature  control  valve 
solenoid  is  (energized/deenergized) . 
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Correct  Response  to  Frame  19:    None  Required 

Frame  20  ^ 

Now  let  us  talk  about  the  emergency  ram  air  system.    See  figure  11 
It  consists  of  the  emergency  ram  air    door  and  the  r« 
actuator.    The  emergency  ram  air  system  will  supply  ^Jgency  cooling 
and  ventilating  air  to  the  cabin  and  equipment  if  the  air  *»J"1?"ln« 
system  should  fail-    The    emergency  ram  air  system  is  controlled  by 
the  air  source  switch.    Should  the  air  conditioning  system  fail  the 
oilot  will  place  the  air  source  snitch  to  RAM.    This  will  supply  115V 
AC  to  the  emergency  ram  air  actuator .     Ham  air  can  then  be  used  for 
ventilationTSeT  fl^uTe  11.    Remember,  when  the  air  source  switch 
is  placed  to  RAM,  the  pressure  regulating  and  SOV  is  energized  closed. 

In  the  following  statements,  fill  in  the  missing  information  in  the 
spaces  provided. 

1.      During  an  emergency,  air  for  ventilation  is  provided  by 
opening  the   —  


• 


2,      The  emergency  ram  air  door  is  opened  by  the 


Correct  Responses  to  Frame  20:  1.  emergency  ram  air  door, 
2.     emergency  ram  air  actuator. 
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RIGHT  ENGINE 
START  RELAY 


AIR  CONDITION 
CONTROL  PANEL 


RIGHT  ENGINE  BLEEO  AIR 
CHECK  AND  SHU  TOFF  VALVE 


Hi. 
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LEFT  ENGINE  BLEED  AIR 
'HECK  AND  SHUT  OFF  VALVE 


Hi. 
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BL^ED  AIR 
CHECK  AND 
SHUTOFF 
VALVE  i 


CHECK  VALVE 


\ 


SERVICE  AIR 
PRESSURE 

RAM  AIR  EXIT  ACTUATOR  x  ^       REGULATING  VALVE 


AIR  TO  AIR 
HEAT  EXCHANGER 


AIR  TO  WATER  HEAT  EXCHANGEflJ^K 

mnnnnmnni  nip. 

\ 

SERVICE  7 
AIR  TO  AIR  / 
HEAT  EXCHANGER  x  Vj 


RED  PRIMARY  REGULATOR 
FAILURE  INDICATOR 


GROUND  AIR 
CONNECTION 


t| 

BLEED  AIR 
CHECK  AND 
SHUTOFF  VALVE 


EB  A  INLET 


SECONDARY  REGULATOR 


SERVICE  AIR  PRESSURE  RtGULATING  VALVE 
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PRESSURE  REGULATING 
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Envi ronmen t  al / Pneud r  au lie  Branch  3ABR42 231-WB-308A 

Chanute  AFB,  Illinois  10  May  1976 

ADVANCED  FIGHTER-BOMBER  AIR  SOURCE  CONTROL  SYSTEM 

OBJECTIVE 

Given  a  wiring  diagram  and  a  workbook,  analyze  system  operation,  trace 
std  analyse  control  circuits,  and  deteruine  system  malfunctions.    From  a 
list  of  statements  and  responses,  select  70Z  of  the  responses  correctly. 

EQUIPMENT 

Basis  of  Issue 
Colored  pencils  1/student 

PROCEDURE 

Open  foldout  #1,    this  is  the  wiring  diagram  for  the  air  source  system. 
In  the  programed  text  QfT)  you  learned  how  the  current  flows  through  each 
of  the  circulta.    An  exception  is  the  circuit  that  controls  the  emergency 
ram  air  door.    Thir^ircult  is  simple  and^will  be  discussed  as  the  whole 
diagram  is  reviewed.    Use  the  colored  pencils  to  trace  th*  circuits  as 
shown  by  the  color  code  on  the  foldout. 

STEP-l 

Use  a  red  pencil  to  trace  the  power  circuits.    Check  off  each  step  as 
you  trace  it. 

1.  Trace  from  circuit  breaker  CB1  to  the  center  contact  of  wafer  5  on 

the  air  source  switch.—————  —   

^  . 

2.  Trace  from  circuit  breaker  CB3  to  the  center  contact  of 
wafer  3.  — —  —  


3.  Trace  froa  CB3  to  A2  of  .the  left  engine  start  relay.  

4.  Trace  wire  nuaber  39B22  to  A2  of  the  right  engine  start  relay 

r 

and  wire  number  39022  to  C2  of  tfcis  relay.   


5.    Trace  from  C2  on  wire  nuaber  39D22  to  C2  of  the  left  engine 
start  relay,  and  wire  number  H502A22  to  Pin  3  of  TB3.   


Supersedes  3ABR42231-WJ-308A,  11  November  1975. 
OPRt  TAS 
DISTRIBUTION:  X 
TAS  -  250;    TTVGC  -  1 


Designed  for  ATC  Course  UseN  Do  Not  Use  on  the  Job, 

1    3\7%  / 


6.    Trace  from  TB3  to  Pin  2  of  the  cooling  turbine  Inlet  over- 
temperature  twitch  end  Pin  4^of  the  cooling  turbine  bypass  over- 
temperature  switch.  -  -  "  —   


7.    Trace  from  circuit  breaker  CB6  U  the  center  contact  o: 
wafer  2  of  the  air  source  switch,  .   | 


8.    Trace  from  circuit  breaker  CB7  to  the  center  contactU>f  wafer  1, 


These  are  the  power  circuits  to  t!e  air  source  switch,  the  start 
relay  contacts,  and  to  the  ovsrtemperature  switches, 

STEP~2 

Use  a  blue  pencil  to  trace  the  circuits  that  are  powered  when  the 
air  source  switch  is  placed  to  RAM.    Check  off  each  step  as  you  trace  it. 

!•    Dra*  all  of  the  air  source  switch  contacts  (wafers  1  through  6) 

to  the  RAM  position.    On  wafer  5  trace  through  Pin  1.  to  Pin  1  ot  the 

*  emergency  ram  air  actuator.    This  opens  the  ram  air  door.  —  • 

2.    Ori  wafer  3  trace  through  Pin  N  to  Pin  4  of  the  pressure  j 

J 

regulator  and  shutoff  valve  (SOV),    This  energizes  the  solenoid,  closing 

the  valve.  — —  — — >—  —  ;  _J 

In  the  ram  position  of  the  air  source  switch,  the  emergency  ram  air 
door  opens  and  the  pressure  regulator  and  SOV  closes. 

STEP-3 

Use  an  orange  pencil  to  drew  the  air  source  switch  contacts  to  the 
RIGHT  position.    Check  off  each  step  as  you  trace  it. 

'  1.    On  wafer  5  trace  through  *[  to  Pin  3  of  the  emergency  ram  air 

actuator,  this  closes  the  emergency  ram  air  door.  _ i  . 

2.    On  wafer  2  trace  through  R  to  Pin  B2  of  the  right  engine  start 

relay.  — —   • 
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3.    This  relay  is  not  energized  so  go  across  the  contact  to  B3  on  to 
Pin  1  of  the  left  engine  bleed  sir  check  and  SOV  valve.    This  energizes 
the  solenoid,  dosing  the  left  engine  bleed  air  check  and  SOV  valve. 

Notice  power  does  not  go  to  the  right  engine  bleed  air  check  and 
shutoff  valve.    So,  in  the  right  position  the  right  engine  bleed  air  check 
and  SOV  is  deenergized  open.    Also,  when  the  air  source  switch  is  placed  to 
BOTH,  the  only  circuit  that  gets  power  is  the  circuit  closing  the  ram  air 
door.    Yor  have  aire  uiy  craced  this  circuit. 

STEP-4 

Usa  11  brown  pencil  to  draw  the  air  source  switch  contacts  to  the 
LEFT  position,    deck  off  the  step  as  you  trace  it. 

i       1.    On  wafer  1  trace  through  S_  to  B2  of  the  left  engine  start  relay, 

across  the  contact  to  B3  and  on  to  Pin  1  of  the  right  engine  bleed  air 

check  and  shutoff  valve.  —  —  —   

In  the  left  position  the  right  valve  is  closed.    Notice  when  the  air 
source  switch  is  placed  to  OFF,  both  engine  bleed  air  check  and  shutoff 
valve  solenoids  are  energized  and  current  is  directed  to  close  the  ran 
door. 

STEP-5 

Now  trace  the  circuit  during  left  engine  start.    Use  a  purple  pencil 
to  trace  the  circuits.    Check  off  each  step  as  you  trace  it. 

1.    Draw  the  left  engine  start  relay  contact  to  the  energized  position 

(down).    Notice  that  contact  is  broken  between  points  B2  and  B3  on  the  left 

relay  which  deenergizes  the  right  engine  bleed  air  check  and  SOV. 


2.  Trace  power  from  C2  on  the  left  engine  start  relay  across  the 
contact  to  CI  and  on  to  Pin  4  on  the  pressure  regulator  and  SOV.  This 
closes  the  pressure  regulator  and  SO?.  — — — —   

3.  Now  trace  from  A2  on  the  left  engine  start  relay  across  the 
contact  to  Al  and  on  to  Pin  5  on  the  hot  air  temp  control  valve.  This 
closes  the  hot  air  temperature  control  valves.  —   

3 
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Nov  let  us  put  It  together.    During  left  engine  start  the  right 
engine  bleed  air  check  an^  SOV  opens.    The  pressure  regulator  and  SOV 
closes ,  and  the  hot  air  temperature  control  valves  close.    After  the 
left  engine  is  operating,  the  left  engine  start  relay  deenergizes  and 
everything  returns  to  normal. 

STEP-6 

Use  a  green  pencil  to  trace  the  circuit  during  right  engine  start. 
During  right  engine  start,  the  right  engine  bleed  air  check  and  SOV  is 
energized.    Check  off  each  step  as  you  trace  it. 

1.    Draw  the  contacts  in  the  right  engine  start  relay  to  the  down 

po  s  i  t  i  on .  — —    


2.    Trace  power  from  C2  across  the  relay  contact  to  CI  and  along 
the  wire  to  CI  on  the  left  engine  start  relay ,   


3.    From  CI  on  the  left  engine  start  relay  the  power  goes  to  Pin  4 
on  the  pressure  regulator  and  SOV.  —  —  —   


Notice  the  same  wire  is  used  to  send  power  to  the  pressure  regulator 
and  SOV  from  the  left  engine  start  relay.    Notice  the  middle  contact  on 
the  right  engine  start  relay  breaks  the  circuit  to  the  left  engine  bleed 
air  check  and  SOV  during  right  engine  start. 

/  4.    On  the  lower  contacts  of  the  right  engine  start  relay  follow 

power  from  Pin  A2  across  the  contact  to  Al.  ■  


5.    Trace  power  to  Al  on  the  left  engine  start  relay  and  on  to  Pin  5 
on  the  hot  air  temperature  control  valve.  — ~—   


Once  again  during  engine  start,  the  pressure  regulator  and  SOV  and 
the  hot  air  temperature  control  valves  are  closed.    The  only  difference 
in  the  right  engine  start  was  opening  the  left  engine  bleed  air  check  and 
SOV  Instead  of  the  right. 

The  only  circuit  that  you  have  not  traced  is  from  the  overteaperature 
switches  to  the  pressure  regulator  and  shutoff  valve.    Note,  there  is 
power  at  both  switches  end  if  either  switch  closes,  power  is  directed  to 
the  pressure  regulator  and  shutoff  valve  solenoid.  ,  Keep  in  mind,  in  the 
cast  of  an  overtemperature  condition,  this  will  close  the  pressure  regulator 
and  shutoff  valve. 

Note:    On  the  wiring  diagram,  the  electrical  connector  (P-23)  for  the 
AIR  CONDITION  CONTROL  PANEL  has  the  pins  marked  with  a  line  under  the 
letter,  such  as  S.    This  means  that  when  you  go  to  the  connector  on 
the  trainer,  the  connector  pin  will  be  marked  with  a  lower  case 
letter,  such  as  "s".    This  concept  is  used  on  all  of  the  advanced 
fighter-bomber  aircraft  wiring  diagrams.    When  you  go  to  the  trainer  J 
for  troubleshooting,  just  remember,  j[  will  be  "sM  on  the  connector. 
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STEP^7 


There  are  12  circled  numbers  on  foldout  #1  that  show  opens  or  shorts 

in  a  circuit.    These  point  to  a  part  that  may  have  an  open  or  short  in  the 

internal  circuit  of  the  part.    Below  are  10  statements  of  troubles  in  the 

air  source  system.    Read  the  trouble  statement  tb*n  select  the  trouble 

number  or  numbers  that  can  cause  the  condition  given.    Some  troubles  may 
have  more  than  one  cause, 

!•  The  hot  air  temp  control  valve  does  not  close  when  starting 

either  engine, 

2-    The  ram  air  door  fails  to  open  when  the  air  source  switch 

Is  placed  to  RAM, 

3.   The  left  engine  bleed  air  check  and  shutoff  valve  stays 

open  at  all  times, 

  The  pressure  regulator  and  shutoff  valve  will  not  open, 

5.    The  pressure  regulator  and  shutoff  valve  stays  open  when 

the  air  source  switch  is  placed  to  RAM,  but  closes 
normally  during  engine  start, 

 The  pressure  regulator  and  shutoff  valve  does  not  close 

when  starting  either  engine.    The  hot  air  temperature 
control  valve  does  not  close  when  starting  the  right 
engine*  but  does  close  when  starting  the  left  engine, 

 The  air  conditioning  system  does  not  turn  off  when  the 

turbine  Inlet  temperature  exceeds  350?  F, 

8«    The  right  engine  bleed  air  check  and  shutoif  valve  stays 

open  at  all  times, 

 The  hot  air  temp  control  valve  and  the  pressure  regulator 

and  shutoff  valve  both  stay  open  when  starting  engines, 

10 •   The  pressure  regulator  and  shutoff  valve  stays  open  when 

starting  the  right  engine.    The  valve  closes  normally 
when  starting  the  left  engine. 

Check  with  your  instructors  for  the  correct  responses. 
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Foldout  1.  Section  1. 
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Foldout  1.  Section  2. 
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Foldout  1,  Socr.ion  3. 
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ADVANCED  FIGHTER  BOMBER  AIR  SOURCE  CONTROL  SYSTEM 
OPERATIONAL  CHECK  AND  TROUBLESHOOTING 

OBJECTIVES  C 

After  you  have  completed  this  workbook,  you  will  be  able  to: 

1*      Make  an  oper itional  check  of  the  air  source  control  system 
u&vng  a  trainer  to  find  the  condition  of  the  listed  parts.    Make  the 
check  during  the  engine  start  sequence,  and  normal  air  source  selection 
ope ration* . 

a*  Bleed  air  check  and  shutoff  valves, 

b.  Pressure  regulator  and  shutoff  valve, 

c  Hot  air  <-?mpera£ure  (temp)  control  valve, 

d»  Emergency  ram  air  door. 

e.  Air  source  control  switch. 

f.  Cooling  turbine  overt emp  switches. 

Is      Identify  air  source  control  system  malfunctions  using  a  trainer. 

3.      TroUbleshoot  the  air  source  control  system  using  a  multimeter, 
wiring  diagram  and  trainer. 

Standard  of  Perfo^manc3 

Correctly  determine  malfunctioning  part3  by  locating  the  cause  for 
2  of  3  selected  problems. 

EQUIPMENT 

Basis  of  Issue 

Trainer  4024,  Advanced  Fighter 
Bomber  Air  Conditioning 

System  1/ student 

Multimeter  1/student 
Wiring  Diagram,  Air  Source 

Control  1/student 


Super»edes  3ABRA2231-WB-308,  14  November  1973,  which  may  be  used  until 
existing  stocks  are  exhausted. 
OPR:  TASTC 
DISTRIBITIOU:  X 

TASTC  -  500;  TTVGC  -1 


PROCEDURE 


sun 


1.  Remove  all  your  Jewelry  now. 

2.  Go  to  the  laboratory  (lab)  instructor  and  inform  hiia  of  the 
lesson  you  are  working  on. 

3*      This  workbook  is  in  three  sections*    Complete  the  first  section 
before  going  to  the  other  sections* 

SECTION  TITLE 

I         Location  and  Identification  of  Air  Source  Control 
System  Parts 

II         Air  Source  Control  System  Operational  Check 
III  Troubleshooting 

SECTION  I 

Location  and  Identification  of 
Air  Source  Control  System  Parts 

PROCEDURE 

1.      Using  the  trainer  and  figure  1>  find  each  of  the  listed  parts. 
Write  the  number  that  goes  with  the  name  of  each  part  in  the  blank  space. 
As  you  find  the  parts  follow  the  flow  of  air  from  the  engines  and  ground 
start  connection.    The  flow  of  air  is  through  the  refrigeration  unit  and 
the  refrigeration  bypass  duct. 

a.    Ground  start  check  valve. 

b.    Left  engine  bleed  air  check  and  shutoff  valve. 

c.   Simulated  right  engine  bleed  air  check  and  shutoff 

valve * 

d.  __   Air  conditioning  system  pressure  regulator  and 

shutoff  valve. 

e.    Hot  air  temperature  control  valve. 

f.  Hot  air  temp  sensor. 

g.    Service  air  pressure  regulator. 

h.  Cooling  turbine  inlet  overtemp  switch. 

i.  --  Simulated  turbine  bypass  valve. 

J.    Cooling  turbine  bypass  overtemp  switch. 

k.    Bleed  air  low  pressure  switch. 


2.      Using  the  trainer  and  figure  2,  find  each  of  the  listed  parts. 
Write  the  number  that  goes  with  the  name  of  each  part  in  the  blank  space. 

a.  mmm   Trainer  power  switch, 

b.    Engine  start  switches. 

c.  _____   Engine  starter  cutout  switches. 

—   Turbine  bypass  overtemp  simulation  switch. 

a.    Turbine  inlet  overtemp  simulation  switch. 

f.    Air  source  switch. 


g.  ______   Hot  air  temp  sensor  simulation  switch. 

h»  Bleed  air  pressure  simulation  switch, 

i.    Altitude  simulation  switch. 


3.      Using  the  trainer  and  figure  3,  find  each  of  the  listed  parts. 
Write  the  number  that  corresponds  to  the  name  of  each  part  in  the 
blank  space. 

a.    Emergency  ram  air  door. 

b.  _____   Emergency  ram  air  actuator. 

Note:    Symbols  are  used  (on  some  switches)  to  show  more  than  or 
less  than  some  set  value.    The  symbol  "<M  means  less  than,  and 
the  symbol,  ">"  means  more  than.    For  example*  the  hot  air  temp 
sensor  simulation  switch  is  marked  <  390°F  and  >  390*F.    When  in 
the  <  390*F  position  the  system  will  work  at  a  temperature  LESS 
than  390*F.    When  in  the  >  390*F  position  the  system  will  work  at 
a  temperature  MORE  than  390°F. 

Answers  to  Step  1:    a.  3  b.  1  c.    9  d.  2  e.  4     f.  _7_ 

g.  6  h.  11  i.    10  j.  5  k.  8 

Answers  to  Step  2%    a.  4  b.  3  c.  _5_  d.  7  a.  8  f. 

Answers  to  Step  3 J    a.  2  b.  1 
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SECTION  II 

Air  Source  Control  System 
Operational  Check 

PROCEDURE 

When  you  make  an  operational  check  or  troubleshoot  the  sytem  and 
you  find  that  a  valve  does  not  work*  re check  the  position  of  the  circuit 
breakers  and  switches.    Check  the  electrical  circuits  for  correct  operation* 
Use  the  self-test  feature  to  check  the  valve.    If  the  system  still  does 
rot  work,  the  valve  is  bad.    Let  the  instructor  know  of  the  problem. 
Follow  the  step  by  step  procedure  for  operating  the  air  source  control 
system.    Be  sure  to  do  each  step  as  told.    If  you  have  any  type  of  problem, 
ask  the  instructor  for  help. 

1.     Preparation  -  . 

a.  Get  the  air  source  control  wiring  schematic  and  a 
multimeter  from  the  wall  locker  in  the  F-lll  laboratory. 

b.  Connect  the  trainer  electrical  leads  found  on    he  left 
end  of  the  trainer  to  the  wall  receptacles  behind  the  trainer. 

c.  Push  in  all  trainer  circuit  breakers. 

Note:    Since  there  is  a  flow  of  air  through  the  system,  we  also  / 
have  service  air.    Keep  in  mind  that^  the  hot  air  temp  control  / 
valve  is  moved  by  service  air.    r.  can  be  checked  with  the  swif- 
test button.    Find  the  self-test  button  on  the  hot  air  temp 
control  valve. 

d.  Trainer  start  operation. 
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e.      Position  switches  as  follows: 


SWITCH 

LOCATION 

POSITION 

Trainar  power  switch 

Above  C/B  panel 

OFF  | 

Bleed  air  pressure  switch 

Simulation  panel 

>  30  PSI  ! 

Turbine  bypass  overtemp 

Simulation  panel 

<  170'F  ! 

switch 

Turbine  overtemp  switch 

Simulation  panel 

<  350 °F  ; 

Hot  air  temperature  sensor 

Simulation  nanpl 

Air  source  switch 

A/C  control  panel 

OFF 

Altitude  switch 

Simulation  panel 

<  10,000  ft  i 

Trouble  switches 

Left  end  of  trainer 

'  DOWN  POSITION 

Trainer  air  supply 

On  wall  behind  trainer 

ON  (turn 

counter- 

clockwise:) 

2.      Operational  Check 


CONTROL  DEVICE  AND  POSITION 

OPERATING  COMPONENT 

POSITION 

Place  trainer  pwer  switch  to  ON 

Power  Light 

ON 

Note:    With  a  ground  air  source  cart,  you  can  work  the  air  condi- 
tioning system  on  the  ground  when  the  engines  are  not  running ♦  We 
will  use  the  ground  air  source  cart  to  start  the  left  engine ♦ 

Continue  the  operational  check 

CONTROL  DEVICE  AND  POSITION 

OPERATING  COMPONENT 

POSITION 

Place  ground  air  source  simulation 
switch  to  ON 

Lights  in  simulated 
ducting  should  show 
airflow 

See  Note 

Note:    The  lighting  will  show  the  flow  of  air  to  the  engine  biped 
air,check  and  shut off  valves  and  the  engine  starter  valves*  Airflow 
ajreo  goes  through  the  refrigeration  unit  and  hot  air  temperature 
control  valve* 


36*; 
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CONTROL  DEVICE  AND  POSITION 

OPERATING  COMPONENTS 

POSITION 

Hot  air  temp  control  valve 
self-test  button. 

Hot  air  temp  control  valve 

Closed 

Ralease  aelf-test  button 

Hot  air  temp  control  valve 

Open 

Press  left  engine  start 
switch  to  ON  momentarily 

Pressure  regulator  and 
shutoff  valve 

Hot  air  temp  control  valve 

Left  engine  bleed  air 
check  and  shutoff  valve 
solenoid 

Right  engine  bleed  air 
check  and  shutoff  valve 
solenoid 

Closed 

Closed 

Energized 
(Closed) 

Deenergized 
(Open) 

Press  left  engine  starter 
overspeed  ""tout  switch  to 
ON  momentarily 

Pressure  regulator  and 
shutoff  valve 

Hot  air  temperature 
control  valve 

Left  and  right  engine 
bleed  air  check  and 
shutoff  valve  solenoids 

(Open) 
(Open) 
Energized 

Place  ground  air  source 
simulated  switch  to  OFF 

Lights  should  indicate  air 
is  available  at  the  left 
engine  bleed  air  check  and 
shutoff  valve.    This  means 
the  left  engine  is  running. 
Engine  bleed  air  from  the 
left  engine  will  be  used  to 
start  the  right  engine, 

4 
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Continue  the  operational  check 


CONTROL  DEVICE  AND  POSITION 

OPERATING  COMPONENTS 

POSITION 

Press  the  right  engine  start 
switch  to  ON  momentarily 

Pressure  regulator  and 
shutoff  valve 

Hot  air  temperature 
control  valve 

Left  engine  bleed  air 
check  and  shutoff 
valve  solenoid 

Right  engine  bleed 
air  check  and  shutoff 
valve  solenoid 

Closed 

Closed 

Deenergized 
Open 

Energized 
Closed 

Press  right  engine  starter 
overspeed  cutout  switch  to 
ON  mom  tarily 

i 

Left  and  right  engine 
bleed  air  check  and 
shutoff  valve  solenoids 

Lights  should  indicate 
bleed  air  is  available 
at  both  engine  bleed 
air  check  and  shutoff 
valves 

Energized 
Closed 

Energized 
Closed 

Complete  the  following  questions: 

1.  When  starting  the  left  engine  from  the  ground  air  source,  ar* 
either  of  thw  ^-ed  air  check  and  shutoff  valves  solenoids  energized? 
  (yes /no) 

2.  When  starting  the  right  engine,  with  the  left  engine  operating, 
are  either  of  the  bleed  air  check  and  shutoff  valves  open? 

(yes/no).    If  yes,  which  one?   

3.  When  starting  engines,  should  the  hot  air  temperature  control 
valve  open  or  close?  ____ 

4.  When  starting  engines,  the  pressure  regulator  and  shutoff  valve 
is  closed  as  a  result  of  the  engine  start  relays 

(energizing/deenergizing)  and  the  pressure  regulator  and  shutoff  valve 
solenoid  (energizing/deenergizing). 
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Answers  to  Questions:       1.  Yea      2.  Yes  (The  left  engine  bleed  air  check 

and  shutoff  valve  is  open  permitting  air  to  flow 
from  the  left  engine  to  the  right  engine  starter.) 

3.  Close     U.  Energizing  Energizing 

Continue  the  operational  check 


j-»  i»  i  |m ■  ri  |       tv  Mitt  f)Y+      k  \TT\  YArt^T^T/\\T 

CONTROL  DEVICE  AND  POSITION 

OPERATING  COMPONENT 

rub IT ION 

Place  the  air  source  switch 
to  LEFT 

Pressure  regulator  and 
shutoff  valve 

Open 

Hot  air  temperature 
control  valve 

Open 

Left  engine  bleed  air 
check  and  shutoff 
valve  solenoid 

Deenergized 
Open 

Right  engine  bleed 
air  check  and  shutoff 
vexve  soienoia 

Energized 
Closed 

Place  the  air  source  switch 
to  RIGHT 

Pressure  regulator  and 
shutoff  valve 

Open 

Hot  air  temperature 
control  valve 

Open 

Left  engine  bleed  air 
check  and  shutoff 
valve  solenoid 

Energized 
Closed 

Right  engine  bleed 
air  check  and  shut- 
off  valve  solenoid 

Deenergized 
Open 

Complete  the  following  questions: 


1.  With  the  air  source  swicch  in  LEFT,  the  left  engine  bleed  air 

check  and  shutoff  valve  solenoid  should  be    (energized/ 

deenergized)  and  the  right  bleed  air  check  and  9hutoff  valve  solenoid 
should  be   .  (energized/deenergized) . 

2.  With  the  air  source  switch  in  BOTH,  the  engine  bleed  air  check 

and  shutoff  valve  solenoids  should  be    (energized/ 

deenergized) . 
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3.      An  OPEN  in  the  solenoid  coil  of  the  left  engine  bleed  air 
check  and  shutoff  valve  would  cause  the  valve  to: 

a.  remain  OPEN  at  all  times. 

b.  remain  CLOSED  at  all  times. 

c.  OPEN  only  when  the  left  engine  is  operating. 

d.  CLOSE  only  when  the  left  engine  is  operating. 
Answers  to  Questions:        1.  deenergized,  energized      2*  deenergized 

3.  c 

Continue  the  operational  check 


CONTROL  DEVICE  AND  POSITION 

OPERATING  COMPONENT 

POSITION 

Place  the  air  source  switch 
to  RAM 

Pressure  regulator 
and  shutoff  valve 

Closed 

Hot  air  temperature 
control  valve 

Open 

Left  and  right  engine 
bleed  air  check  and 
shutoff  valve  solenoids 

Deenergized 
Open 

RAM  air  door 

Open  (in 
60  sec) 

Note:    In  actual  system  operation,  if  the  air  entering  or  bypassi  g 
the  turbine  excreds  a  given  value,  the  overtemp  switch  will  cause 
the  pressure  regulator  ami  shutoff  valve  to  close.    We  can  simulate 
the  action  of  the  overtemp  switches  on  the  trainer  by  using  the 
switches  marked  turbine  bypass  overtemp  switch  and  turbine  over- 
-emp  switch. 
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Continue  the  operational  check 


CONTROL  DEVICE  A NO  POSITION 


Place  the  air  source  switch 
to  BOTH 


Place  simulated  turoine  (inlet) 
overtemp  switch  to  > 350  F* 


OPERATING  COMPONENT 


Pressure  regulator  and 
shutcff  valve 


Pressure  regulator  and 
shutoff  valve 


POSITION 


Open 


Closed 


Place  simulated  turbine  (iglet) 
overtemp  switch  to     ^  350  F. 


Pressure  regulator  and 
shutoff  valve 


Open 


NOTE:    Air  flows  through  the  turbine  bypass  valve  only 
when  the  bleed  air  manifold  pressure  is  below  30  PSI 
and  the  aircraft  altitude  is  below  10,000  ft.  These 
two  conditions  can  also  be  simulated  by  the  simulation 
switches. 

Continue  the  operational  ch jck 


CONTROL  DEVICE  AND  POSITION 

OPERATING  COMPONENT 

POSITION 

Place  the  simulated  bleed  air 
pressure  switch  to  ^  30  PS  1 

Turbine  bypass  valve 

Open  light 
indicates 
valve  open 

Place  the  altitude  simulating 
switch  to  >10,000  ft 

Turbine  bypass  valve 

Closed 

 — —  

Place  the  simulated  bleed  air 
pressure  switch  to  >30  PS  1 

Turbine  bypass  valve 

Closed 

Place  the  turbine  bypass  Q 
overtemp  switch  to    >170  F 

Pressure  regulator  and 
shutoff  valve 

Closed 

Place  the  turbine  bypass 
overtemp  switch  to  ^  170  F 

Pressure  regulator  and 
shutoff  valve 

Open 

*  jT    
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Complete  the  following  questions; 


1.      The  ram  air  door  takes  more  than  60  seconds  to  open,  this  would 
mean  a  defective 


2.  When  the  air  source  switch  is  placed  in  RAM,  does  this  close 
the  bleed  air  check  and  shutoff  valves?    (yes /no) 

3.  If  the  turbine  inlet  air  temperature  is  more  than  350°F,  the 
overtemp  switch  will  close  the  


4,      If  the  aircraft  is  flyiu*  below  10,000  ft  and  the  bleed  air 

duct  pressure  drops  below  30  PS  I,  the   

  will  open. 

5-      When  the  turbine  bypass  valve  is  open,  if  the  bypass  air 
temperature  is  more  than  165°F,  the  ^  


will  close. 


Answers  to  Questions  :      1.  ram  air  door  actuator      2.  No 

3.  pressure  regulator  and  sh utof f  valve 

4.  uurbine  by pas j  va lye 

5 .  pressure  regulator  and  shutoff  valve 
Continue  the  operational  check 

Note:    If  the  temperature  of  the  air  that  flows  past  the  hot  air 
temperature  sensor  is  v>nre  than  390°F,  the  hot  air  temperature 
control  yilve  will  move  toward  the  closed  position,  Movement 
of  the  valve  reduces  the  flow  of  bleed  air.    On  the  trainer  we 
can  simulate  a  temperature  more  than  390°F,  however,  the  valve 
will  not  modulate,  but  close  all  the  vay.    This  does  give  a 
check  of  the  valve  and  the  sensor. 
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Continue  the  operational  check 


CONTROL  DEVICE  AND  POSITION 

OPERATING  COMPONENT 

 —  ■                   -  i 

POSITION 

Place  the  hot  air  temperature 

Hot  air  temperature 

Clot  ed 

sensor  simulating  switch  to 

control  valve 

>390°F 

Place  the  hot  air  temperature 
sensor  simulating  switch  to 
<390°F 

Hot  air  temperature 
control  valve 

Open 

! 

i 

i 

1  1   _  I 


Note:    When  ii   pecting  the  air  conditioning  system,  the  pressure 
regulator  end  shutoff  valve  should  be  checked  for  indicating 
overpressure      Find  the  overpressure  indicator  on  the  pressure 
regulator  and  shutoff  valve.    If  the  indicator  is  out,  this  means 
the  pressure  is  mere  than  16r>  PSI.    The  service  air  pressure 
regulator  aiso  has  an  overpressure  indicator.     Find  the  service 
air  pressure  regulator  overpressure  indicator.     If  the  indicator 
is  out,  the  pressure  is  more  than  66  PSI* 

Complete  the  following  questions: 

1.  When  the  temperature  of  the  air  bypassing  the  refrigeration 
unis  is  more  than  390°F,  the  hot  air  temperature  control  valve  ^h  uld 
modulate:  toward  ^______„_______  

2.  If  the  hot  air  temperature  control  valve  stays  closed  at  all 
times,  it  indicates  one  of  the  following;  a  loss  of  service  aJr;  a 
malfunctioning     A  j   

_   or  a  malfunctioning  hot  air 

temperature  sensor* 

3.  If  the  overpressure  irdicator  on  the  service  air  oressure 
regulator  is  out,  it  indicates  the  pressure  is  more  than   F___ 


Answers  to  Questions:        I.  closed 

2 .  service  hot  air  temperature  control  valve 
♦  66  PSI 
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SECTION  III 


Air  Source  Control  System 
Troubleshooting 

PROCEDURE 

The  trouble  switches  you  are  to  use  are  listed  on  the  Form  781/, 
given  to  you  by  the  instructor.    Place  one  trouble  in  the  system  at  a 
time  then  make  &  complete  operational  check*    Find  the  part  or  parts 
that  are  malfunctioning  and  the  cause  of  the  malfunction.    In  the 
DISCREPANCY  BLOCK  of  the  Form  781A,  print  the  name  of  the  part  that 
is  malfunctioning.    In  the  CORRECTIVE  ACTION  BLOCK,  state  the  action 
you  would  take  to  correct  the  problem.     \a  an  example ,  suppose  the 
right  engine  bleed  air  check  and  shutoff  valve  fails  to  close.  You 
find  the  cause  to  be  an  open  in  wire  number  H5Q9A20.    In  the  DISCREPANCY 
BLOCK  you  would  state:    Right  engine  bleed  air  check  and  shutoff  valve 
stays  open  with  the  air  source  switch  OFF.    In  the  CORRECTIVE  ACTION 
block  you  would  state:    Repaired  wire  number  H509A20.  Operational 
checked  OK  I AW  TO. 

Note:    An  underlined  capital  letter  on  the  wiring  schematic 
stands  for  a  small  letter  on  the  fighter  bomber  trainer  patch 
panel. 

EXAMPLE:    A  on  the  schematic  *  a  on  the  trainer  patch  panel. 

A  capital  letter  not  underlined  on  the  wiring  schematic  represents 
a  capital  letter  on  the  trainer  patch  panel. 

EXAMPLE:    A  on  the  schematic  *  A  on  the  trainer  patch  panel. 

Analyze  the  first  trouble  listed  on  AFTO  Form  781A.    When  you 
are  acne  with  the  listed  troubles,  complete  an  AFTO  Form  349  and  the 
AFTO  Fow  781A  and  have  the  instructor  check  your  work.    After  you 
fill  in  tu<*  AFTO  Form  781A,  go  to  the  locker  and  gen  TO  1F-111A-06, 
Code  Manual.    Fill  out  an  AFTO  Form  3A9  on  a  trouble  selected  by  the 
instructor.    Have  the  instructor  check  your  work. 
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Information  necessary  for  ihe  completion  of  AFTO  Form  781A  and 
AFTO  Form  349. 


BLOCK 

ITEM  NUhGER 

ENTRY 

1 

Job  Control  no. 

1162314 

2 

Work  center 

M3360 

3 

I.D.  No/Serial  No. 

MA6033 

7 

PRI. 

2A 

9 

Location 

Al 

B 

Type  Malnt. 

B 

E 

When  Disc. 

In  Fligh 

) 
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DAT*  FROM 


PACE 


OF  PACES 


>M  TO 

/  1  ),  / 


CKEW  CHI  EF 


OA  TK  O'SCO 

/  / 


LO  CATION 


SER'AL  NO. 


CF  -O  70  I  A      OATSO      TRANSFiRRIOTO  J  TRANSFtRRED  BY 
r7SIK     OATS  j 


/  /       I7S1K  OAT* 

//*•// 


discrepancy 


CORRECTIVE  ACTION 


OATEOiSCDj  wDcljCN 

//I  " 


DlSCOVEREO  BY 


CORRECTED  BY 


OA  T  f  CORRECTED 


fNSPECTEC  Br 


cf  tc  78: a  dated 
p  i 


TRANSFERRED  TO»  TRANSFERRED  £Y 
7«1K  OATC 


DISCREPANCY 


j  Oi  SCO  V  ER  ED  BY 


OA  Tf  OlSCD 

AjL 


DISCREPANCY 


CORRECTIVE  ACTION 


CO  RR  EC  T  F  r>  BY 


OAT  E  CORREC  TED 

/  / 


INSPEC  ted  by 


CF  TO  78IA  DATED 

p.l     /  / 


TRANSFERRED  TO  f^R  A  N  SFE  R  REO  8Y 
/•IK  OATC 


CORRECTIVE  ACTION 


J  L-X 


OA  T  E  CORREC  T  EO 


Z 


Discovered  by 


St  m 

OAtE  OfSCO 

*VDC 

JCN 

// 

DISCREPANCY 


10RRECTE0  B* 


CF  tO  *J B  *  A  Q^t£d 


INSPECTED  Bf 


^MANtrCRffC^  TO  {  TRANSFERRED  BY 
7SIK  OATC 


CORRECTIVE  ACTION 


C*TE  CO  RRFC  T  EO 


DISCOVERED  BT 


CORRECTED  BY 


A 'TO  JST-  7ilA 
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PREVIOUS  EDITION 
15  OP'^tTI 


22/r 


PAGE 


OF 


PACES 


OATC  MOM 

TO 

C*€W  CHI  C  P 

ORCN 

LOCATION 

MOS 

SERIAL  NO. 

/  / 

/  / 

Sym 


OATC  OISCO 

LL 


WOC  JCM 


TAG  NO 


DISCREPANCY 


CFTQ781A  O  ATE  O 
P  I 


i  /  / 


TRANtFK»flSO  TO 
TttK  OATE 

/  / 


TRANSFERRED  BY 


CORRECTIVE  'ACTION 


OAT  C  CORRECTED 

L  / 


OlSCO VERCO  BY 


CORRCCTCO  JY 


INSPECTEO  BY 


Sym 


OATC  OlSCO 

J_L- 


WOC 


JCN 


CF  TO  76  1  A  OATEO 
P  I 


J-L 


TRANBFEHRCO  TO  TRANSFERRED  BY 
7ttR  DATE 


/  L 


DISCREPANCY 


CORRECTIVE  ACTION 


ON 


O  t  SCO  V  E*  EO  BY 


O AT E  CORRECTED 


CORRCCTCO  BY 


J_L 


IN  5  P  EC  IE  D  BY 


SYM 


OATC  OISCO 

JJ_ 


OtBCREPANCY 


CF  TO  7SIA  OATEO 

,   ,    I    /  / 


J.  L 


TftANtFSRRCO  TO fTR  ANSFERREO  BY 
7«tK  OATft 


CORRECTIVE  ACTION 


DATE  CORRECTED 


ON 


OlSCO  VEREO  8Y 


CORRCCTCO  BY 


INSPECTED  BY 


OAT*  DttCOl  VVOC 


JJA. 


DISCREPANCY 


CF  TO  78  1  A  OATEO 

P  t 


I  /  L 


TRAN«PCItltrO  TO 
7»tK  OATS 

/  / 


TRANSFERRED  8Y 


CORRECTIVE  ACTION 


DM 


CISCO  VlRCO  BY 


CORRCCTCO  BY 


DATE  ca**£CTED 


INSPECTED  B Y 
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PROGRAMMED  TEXT 
3ABR4£331-PT-309 


Technical  Training 


.Aircraft  Environmental  System!  Mechanic 


FIGHTER  30MBER  ATR  CONDITIONING  SYSTEM 


15  January  1976 


USAF  SCHOOL  OF  APPLIED  AEROSPACE  SCIENCES 
32 '3rd  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


Designed  For  A7C  Course  Use 

DO  HOT  USB  ON  THE  JOB 


03tll  . 

FOREWORD 

This  programmed  text  was  prepared  for  use  in  the  3ABR42231  instruc- 
tional system.    The  material  contained  herein  has  been  validated  using 
33  42010  students  enrolled  in  the  3ABR42231  course.    Ninety  percent  of 
the  students  taking  this  text  surpassed  the  criterion  called  for  in  the 
approved  lesson  objective.    The  average  student  required  7/5  hours  to 
complete  this  text. 

OBJECTIVES 

After  completion  of  this  profc  amned  text  you  will  be  able  to: 

1*      Select  statements  that  identify  the  function  of  each  component 
in  the  fighter  bomber  air  conditioning  system. 

2.      Trace  electrical  circuits  for  control  of  the  hot  and  cold  air 
modulating  valves,  minimum  flow  pressure  switch,  ran  air  exit  door  and 
turbine  bypass  valve. 

Standard  of  performance: 

Correctly  identify  purpose  of  systeir  components  and  analyze  system 
electricrl  circuitry  with  75%  accuracy. 

INSTRUCTIONS 

This  programmed  text  preser*"*  information  in  steps  called  frames. 
After  each  frame  you  will  comple      a  statement,  select  a  true  or  false 
statement,  cr  match  statements.    Read  the  material  and  make  your  response 
as  directed,    After  your  response  compartf  your  answer  with  the  correct 
answer  given  at  the  top  of  the  even  numbered  pagts.    If  your  answer  is 
incorrect,  restudy  the  frame.    Write  the  correct  answer  next  to  your 
original  response  and  then  proceed  to  the  next  frame.     If  necessary, 
you  may  go  back  to  check  information  previously  given,  but  do  not  skip 
ahead* 


Supersedes  3ABR42231-Pr-'109 ,  31  May  1974,  which  may  be  used  until  existing 
stocks  are  exhausted* 
OPR:  TASTC 
DISTRIBUTION:  X 

TAS  -  500;  TTVGC  -  1 
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Frame  1 


Tfc.  nnrnose  of  the  air  conditioning  system  is  to  send  conditioned 
The  purpose  or  cne  coopartments .    The  air  conditioning  system 

?  Stidfd  in^  tw,  separate  paths  for  air  flow.    These  two  paths  will 
lT£o£  a     he  hot  an    cold  air  systems.    Both  the  hot  and  cold  air  is 
be  known  as  tne  not  ture  controlled.    The  two  paths  are  joined 

pressure  «{0^"3S  conditioning  system.     In  the  back  of  this 

£Tl  Tolaou 1  o°f  "le  air  ^nditioning  system.    Use  this  foldout 
as  a  reference  when  you  study  tne  parts  of  the  system. 

Answer  statements  as  True  (T)  or  False  (F) . 

  !.    There  are  two  separate  air  conditioning  systems. 

  2.    The  air  conditioning  system  is  made  of  two  separate  paths  for 

air  flow. 


1  The  ourpose  of  the  air  conditioning  system  is  to  give  a  source 
3>    S  conditioned  air  to  the  cabin  and  electronic  compartments. 


x     3  >U 


CORRECT  RESPONSES  TC-  FRAME  1:  1.  JL  2*  JL  3*  —  I 
Frame  2 

We  will  discuss  the  cold  air  part  of  the  system  first.    Figure  1  shows 
how  the  system  is  laid  out.    Engine  bleed  air  from  one  or  both  engines  can 
be  used  for  air  conditioning.    From  the  left  and  right  bleed  air  check  and 
shutoff  valves  bleed  air  goes  to  the  pressure  regulator  and  shutoff  valve. 
This  valve  is  normally  deengerized  open.    It  regulates  to  165  psi  the  air 
pressure  going  to  the  air-to-air  heat  exchanger.    Here  is  where  the  first 
stage  of  cooling  starts.    The  pressure  regulator  and  shutoff  valve  is 
energized  closed  when:     (1)  there  is  an  overheat  condition  in  the  system, 
(2)  the  system  is  in  "ram",  (3)  starting  the  engines. 

1.      Air  *s  routed  through  the  left  and  right    ,  

and  .    valves. 


2.      The  pressure  regulating  and  shutoff  valve  is  closed  during 

engine  ,  when  system  is  in  °r  when 

an  condition  exists. 


(0 


Pressure  Regulator  & 
Shutoff  Valve 


ce 


ENGINE  BLEED  AIR 
FROM  RIGHT  ENGINE 


RIGHT  BLEED  AIR 
CHECK  AND  SOV 


RAM 

AIR 


GROUNO  PNEUMATIC 
CONNECTION 


LEFT  BLEED  AIR 
CHECK  ANO  SOV 

ENGINE  BLEED  AIR 
FROM  LEFT  ENGINE 


mo 


/ 


Figure  i* 
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CORRECT  RESPONSES  TO  FRAME  2: 


1-  jllfifL  ill  check  shutoff 
2 .    start  ram  overheat 


Frame  3 

here  the  air  flows  to  t!     ^ater  tank. 


Fill  in  the  blanks. 
1.      The  ejector   


the  effectiveness  c  '-he 


2.      The  engine  bleed  a*r  passes 
the  air-co-air  heat  exchanger. 


the 


of 


3.      Air  pressure  to  the  ejector  is  supplied  through  the 


of  the 


4 


Air-to-Air  Heat  Exchanger 


RAM 


RAM 


EJECTOR  NOZZLES 


PRESSURE  REGULATOR 
ANO  S.O.V 


MODULATING  VALVE 


165  PSI  REGULATED 
AIR 


WATER  TANK 


RAM  A1R[^ 
EJECTOR  AIR  ^ 


PARTIALLY  COOLED  AIR 
FROM  AIR-TO-AIR  HEAT 
EXCHANGER 


Figure  2« 


5 
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CORRECT  RESPONSES  TO  FRAME  3:     1.     increases,  heat  exchanger 

2.  through,  core 

3 .  compressor,  cooling  turbine 


Frame  4 


The  flow  of  ram  air  through  the  air-to-air  heat  exchanger  is  controlled 
Kv  t-h*  ram  air  exit  door  (figure  3).-    The  door  is  extended  or  retracted  by 
an  air  o^eraJed  actuator.    Tne  actuator  is  controlled  by  the  RAM  AREA  switch 
that  is  in  t-he  cockpit,  on  the  air  conditioning  control  panel.    The  switch 
has  two  positions  normal  and  override,.    In  the  normal  position  the  actuator 
is  controlled  by  the  central  air  data  computer  (CADC) .    In  the  override 
position  the  actuator  is  controlled  manually  and  the  computer  is  cut  out  of 
the  system. 

When  the  CADC  is  in  control,  the  exit  door  will  be  extended  when  the 
ram  air  temperature  through  the  heat  ex-hanger  is  more  than  75  degrees  F  or 
when  air  speed  is  less  than  225  knots.  The  door  will  be  retracted  when  the 
ram  air  temperature  is  less  than  75  degrees  F  or  air  speed  is  more  than  225 
knots.  When  the  door  is  -retracted,  only  657!  of  the  opening  is  covered. 
This  is  so  the  air-to-air  heat  exchanger  will  always  have  some  cool  ram  air 
flow  around  the  cores. 

Arswer  the  statements  as  True  (T)  or  False  (F) . 

1.  The  ram  area  switch  has  two  positions,  normal  and  override. 

2.  The  exit  door  will  be  retracted  when  air  temperature  is  above 
75'  F. 


3.    When  the  ram  area  switch  is  in  the  normal  position,  the  CADC 
controls  the  door  positions. 


6 


^TORRECI  RESPONSES  TO  FRAME  4:    1.  2.  JF. 

Frame  5 


Flgure  A  shows  the  electrical  ^^rTetra^^elLtir  exit'  v 
Current  comes  through  relay  K6  to  ff  ^^"^  DC  is  at  circuit  breaker 
door.    Use  a  red  pencil  to  trace  ^  circuit  tQ  th 

Cb"    From  the  circuit  breaker  current  flows  tnr    8  q£         ,  on  wlre 

I  area  switch.  From  the  ram  ^^^,11  Jo  trace  the  next  circuit. 
4H100C22  to  A2  of  the  K6  relay.    Use  *  01     J  Wlt,  the  ram  area  switch 

M the  ram  area  switch  to  the  override  P^J^'-nd  the  circuit  will  be 
indis  position  the  K6  relay  will  be  fenf£Z*°r^h  wire  #H107A22  and 
from  A2  to  A3  of  the  relay.    Current  ^J^^tr-.  the  next  circuit, 
extend  the  ram  air  exit  door.    Use  a  green  pe  posltion  the  ram 

SaTthe  ram  area  switch  to  the  normal  position     to    ^    ^  po3ition 
area  switch  will  now  allow  the  CADC  to  cone  ^  door.  Draw 

of  K6  relay  will  determine  the  ?°*ition  of  the  #HM1A22  to  the 

£  tne  circuit  from  the  ram  area  switch  through  w  ^  225  knots  0r 

SdC.    As  long  as  the  air  speed  of  the  aircraf t  ^  tf 

te^erature  is  more  than  75  ^^1.    However,  should  airspeed 

and  the  ram  air  exit  door  will  stay fmU  below  75  P  the  CADC 

.££  "S-SS  SS  8r  ^r-eTHlO^  to  retract  the  ram  air 
exit  door. 

Fill  in  the  blanks. 

.  svitch  to  the  override  positic    the  K6  relay 
the  ram  area  switcn  to 


1.  With 
will  be   


to  control  the 


3>      The  aircr* 
door  will  be  a  


,ft  airspeed  is  more  than  225  knots  the  ran,  air  exit 


3b7 


RAM  AIR   EXIT  CONTROL 


CB9-28  VOC 


ABOVE  225  KNOTS   K6  RELAY  ENERGIZED 

BELOW  225  KNOTS   K6  RELAY  OEENERGI.'.ED 

ABOVE  75°  K6  RELAY  OEENERG'ZED 

BELOW  75°  K6  RELAY  ENERGIZED 


■A3 


X 

 I 


CAOC  \  xi 
 I — HI02A22  


4 


X2 


A! 


-HI07A22 


HI06A22 


■II- 


EXTEND 


RETRACT 


K6  BELAY 


Figure  4, 


3S* 
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CORRECT  RESPONSES  TO  FRAME  5 :     1.    jgglgd      *■    ^  »  =3* 


3.  retracted 

Frame  6 


ft.  coW  air  modulating  v.l„  control,  the  a  Ufl-t J*J*«  ^ 
water  heat  exchanger,  cooling  turbine.  ^  f^^erature  control 
.t  figure  5.    The  valve  is  solenoid  type  dutch. 

S£  ^vrrvSve-ucte'r,1!,^;  £  openlosition.    The  valv. 
will  fail-safe  to  the  open  position. 

The  air-to-water  heat  exchanger  is  f^^^^Jl^U 
engine  bleed  air  goes  through  the  core  of  A.  n.«  ^  ls  the 

transferred  through  the  thin  walls  of  the  cor.  to  „eat  eKh„ger 

second  steg.  of  cooling    or  ^^^f/U^afures  »hld>  coMs  fro. 
i,  nec.ss.iy  b.MU..  of        high  ram J  Muse  lMie,uat.  cooling  of 

enTlnltu.far'wh.n'Sirth.  ^t-to-^r  heat  exchanger  is  used. 
Fill  in  the  blanks. 

1.      The  cold  air  modulating  valve  is  controlled  by  the  . 


system. 


2.      The  solenoid  clutch  connects  the 


to  the 


3.      The  air-to-water  heat  exchanger  is  mounted  inside  a 


10  3sn 
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nn 


PRESSURE  REGULATOR 
8  SHUTOFF  VALVE 


PRESSURE  REGULATED 
AIR 

1st  STAGE  COOLED  AlR 


2nd  STAGE  COOLED  AIR 


Air-To-Water 
Heat  Exchanger 


Cold  Air  Modulating  Valve 


Figure  5. 


u  31M 
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CORRECT  RESPONSES  TO  FRAME  6:    1.    temperature  control 

2 .  valve  actuator ,  buttertly  valve 

3.  water  tank 

Frame  7 

The  cooling  turbine  (figure  6)  Is  the  last  stage  of  cooling  for  the 
engine  bleed  air.    The  cooling  turbine  is  a  turbine  wheel  on  the  same 
shaft  with  a  compressor  wheel.    As  the  air  goes  through  the  turbine,  it 
expands  and  is  cooled.    At  the  turbine  inlet  an  over  temperature  switch 
protect?  the  turbine  from  too  high  temperatures.    The  compressor  wheel 
is  used  to  place  a  load  on  the  turbine  to  keep  it  from  overspeeding. 
Air  flow  to  the  turbine  wheel  is  controlled  by  the  position  of  th«  cold 
air  modulating  valve.    As  the  cold  air  modulating  valve  opens  more  air 
Is  delivered  to  the  turbine  wheel.    By  regulating  the  setting  of  the  cold 
air  modulating  valve,  the  temperature  and  flow  of  air  from  the  turbine  can 
be  controlled.    The  cooling  turbine  sends  cold  air  to  the  cabin  and 
electronics  compartments.    The  electronics  compartments  must  always  set 
cold  air  to  keep  from  overheating.    Because  of  this,  the  cold  air  modulating 
valve  will  never  close  all  the  way.    How  this  is  done  will  be  covered 
later  in  this  text.  / 


Fill  in  the  blanks. 


A 


1.     The  compressor  wheel  Is  designed  to  place  a 


on 


the  turbine  wheel  to  prevent  V  

2.  As  the  cold  air  modulatlthft  valve  opens 
is  delivered  to  the  turbine  wheel. 

3.  By  regulating  the  position  of  the  m 


air 


the  temperature  of  the  air  from  the 


can  be  controlled* 


CORRECT  RESPONSES  TO  FRAME  7:    1.    load,  overspeeding 

2.  more 

3 .  cold  air  modulating  valve,  turb Ine 

Frame  8 

The  turbine  will  send  cold  air  to  the  cabia  and  electronic  compart- 
ments.   A  prewhirl  valve  (figure  7)  Is  attached  to  the  turbine.  The 
valve  controls  the  load  that  the  compressor  will  place  on  the  turbine. 
The  prewhirl  valve  is  an  air  operated  butterfly  valve.    Because  the  load- 
on  the  turbine  is  controlled,  1L  can  be  operated  at  maximum  efficiency 
at  all  times.    The  prewhirl  valve  has  a  butterfly  valve,  valve  actuatoi , 
control  servo,  bleed-off  valve  and  a  self  test  actuator.    With  the  pre- 
whirl valve  operating  in  the  normal  (valve  closed)  mode,  55  psi  air  from 
the  service  air  system  goes  through  the  bleed  valve.    Air  flows  to  the 
valve  actuator  and  will  close  the  butterfly  valve.    With  the  valve  in  this 
position  low  pressure  air  is  taped  from  tha  air-to-air  heat  exchanger. 
Air  is  sent  past  a  check  valve,  through  the  compressor  wheel  to  the  ejector 
nozzles.    With  the  prewhirl  valve  closed,  higher  turbine  speed  and  more 
cooling  is  achieved. 

Answer  the  statements  as  True  (T)  or  False  (F) . 

  1.    The  prewhirl  valve  controls  the  load  which  the  compressor  will 

place  on  the  turbine. 

2.    Because  the  load  on  the  turbine  can  be  controlled,  the  turbine 
~~      *        can  operate  at  maximum  efficiency. 

  3.    When  the  prewhirl  valve  is  closed,  air  is  taken  from  a  ram  air 

inlat. 


Figure  7. 


394 
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CORRECT  RESPONSES  TO  FRAME  8:     1.  _JL 
rrame  9 

At  altitudes  above  17,500  feet  air  flow  to  the  air-to-ai r  Jeat 
exchanger  Is  not  dense  enough  to  stop  ^rbine  overspeed     In  this  case 
the  coLrol  --  .i  11  close  port  A    n  the  ^^^^J^ 
Pressure  xn  the  ^tuator  wi.l  can  be  taken  frora  the 

valve  to  open,    Air  of  hi^«  pr -sure  ^  ^  ^  q££ 

ram  air  inlet.    Ram  air  goes  11   "is  y  p  r__  air  will  paSs  through 

check  valve  to  the  air-to-air  neat  exchanger.    The  ram  air  win  P 
the  compressor  wheel  to  the  ejector  nozzles. 

The  prewhirl  valve  may  also  select  a  mixture  of  ram  air  and  heat 

ine  prewnj-^x  j  t-1,rhin->  inlet  pressure  becomes  high, 

tj0t      k\T  nressure  from  the  turbine  lmet  j.»  uu  w"  U4  c 

valve . 

Fill  in  the  blanks. 

1.      At  altitudes  above  17,500  feet,  air  flow  to  the  air-to-air 

to  prevent   , 


{ 


heat  exchanger  is  not 


2.  The  prewhirl  valve  cannot  select  a  mixture  of  ram  air  and  heat 
exchanger  exhaust  air.     (T  or  F) 

3.  Pressing  the  self  test  button  will  ca-  «  butterfly  valve 


to 


mi 


feAM  AIR  FROM 
HEAT  EXCHANGER 


Figure  8. 


RAM  AIR  FROM 
HEAT  EXCHANGER 


Figure  9, 
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CORRECT  RESPONSES  TO  FRAME  9i 


1„    dense  enough ,  turbine  overspeed 

2-  1 
3.  open 


Frame  10 

As  the  air 'goes  out  of  the  turbine  discharge  port,  it  goes  through  an 
ice  screen.    The  purpose  of  the  ice  screen  (figure  10)  is  to  collect^ 
particles  of  ice  that  were  made  by  the  codling  process.-  A  build-up  in 
ice  on  the  screen  will  cause  turbine  discharge  pressure  and  temperature  to 
rise.    This  will  cause  the  ice  to  melt  and  keep  the  ducting  open.  Down- 
stream of  the  ice  screen  is  the  turbine  discharge  pressure  relief  valve. 
This  valve  is  nade  to  maintain  a  ratio  between  duct  pressuia  and  outside 
air  pressure.    Should  the  duct  pressure  get  to  high,  as  a  result  of  a  block 
in  the  downstream  ducting,  the  relief  valv^  will  open  and  relieve  pressure, 

Fill  in  the  blanks. 

1.  The  purpose  of  the  ice  screen  is  to  collect  particles  of  ice 
that  were  made  by  the  .   ,   • 

2.  If  the  duct  pressure  is  too  high,  the  — 


will 


#3? 

CORRECT  RESPONSES  TO  FRAME  10:    1.     coolin&  process 

2.     relief  valve,  open 


Frame  11 


After  the  air  flows  out  of  the  cooling  turbine  to  the  cabin  and 
electronics  the  air  must  then  pass  through  a  water  separator     The  water 
separator  will  remove  close  to  80%  of  the  moisture  in  the  air.    A  close 
up  view  of  the  water  separator  is  shown  in  figure  11.    The  water  separator 
2  madl  of  a  support,  coaleser  bag,  water  collector  and  a  bypass  valve. 
Operation  of  this  water  separator  is  the  same  as  the  water  separators 
you  have  studied.  **•- 

Fill  in  the  blank  spaces. 

1.      The  water  separator  will  remove  close  to  of 

the  moisture  in  the  air. 
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CORRECT  RESPONSES  TO  FRAME  11:     1.  802 
Tram*  12 

Figure  12  shows  the  air  flow  and  electrical  diagram  of  th*  turbine 
bypass  system.    This  system  will  increase  air  flow  to  the  cabin  and 
electronics  equipment  when  the  aircraft  is  at  low  engine  power.  The 
turbine  bypass  valve  will  open  to  mix  cooled  air  from  the  air-to-air 
heat  exchanger  with  turbire  discharge  air  for  more  air  flow.  Two 
conditions  must  exist  for  the  turbine  bypass  valve  to  open:  (1) 
aircraft  altitude  must  be  less  than  10,000  feet;  (2)  bleed  air  must 
be  less  than  30  psi.    The  electrical  circuit  shows  ^the  positions  that 
the  K8  relay  and  the  low  pressure  switch  must  be  in'for  the  turbine  bypass 
valve  to  open.    The  relay  is  controlled  by  the  CADC.    Below  10,000  feet 
the  CADC  will  deenergize  the  relay.    The  low  pressure  switch  is  in  the 
bleed  air  duct.    If  bleed  air  pressure  falls  to  less  than  30  psi  the 
switch  will  close  a  circuit  between  contacts  3  and  2.    This  will  send 
28V  TO  from  C3  5  to  the  turbine  bypass  valve.    If  the  aircraft  is  % 
cbove  10,000  feet  the  CADC  will  energize  relay  K8.    Relay  K8  will  "open 
the  circuit  to  the  turbine  bypass  valve.    If  the  bleed  air  pressure  is 
more  than  30  ps/L  the  low  pressure  switch  will  open  the  circuit  to  the 
bypass  vabre. 

Fill  in  the  bl^iks. 

1.  The  turbine  bypass  system  increases  air  flow  to  the  cabin 

and  electronics  equipment  when  the  aircraft  is  at   y 

engine  power. 

2.  Thera  must  be   ^  

bypass  valve  will  open. 


conditions  before  the  turbine 


3.      If  aircraft  altitude  is  more  than  10,000  feet  and  bleed  air 
pressure  is  less  than  30  psi  the  turbine  bypass  valve  will  
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H504A22- 


H584A22- 


10,  000  FT. 
ALT.  RELAY 


fx 

\      2  \ 

J 

H585A22- 


TUR8INE  BYPASS  VALVE 


-H586A20N- 


LOW  PRESSURE 
SWITCH 


Figure  12. 
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CORRECT  RESPONSES  TO  FRAME  125     1.  low 

2.  two 

3.  close 


Frame  13 


Look  at  figure  13.    The  low  limit  control  is  mada  of  the  low  limit 
temperature  control  valve  and  the  low  limit  temperature  control  sensor. 
The  sensor  is  downstream  of  the  water  separator.    It  senses  the  tempera- 
ture of  the  air  that  flows  out  of  the  water  separator.    The  low  limit 
control  valve  is  in  the  duct  that  connects  the  cold  and  hot  air  systems. 
This  valve  is  normally  in  the  closed  position.    When  the  low  limit  sensor 
senses  temperature  low  enough  to  cause  the  water  separator  to  freeze,  it 
will,  through  a  pneumatic  line>  cause  the  low  limit  control  valve  to  open. 
Opening  the  low  limit  control  valve  will  allow  air  from  the  hot  air  system 
to  mix  with  the  cold  air  from  the  cooling  turbine.    This  mixture  of  air 
will  keep  the  water  separator  from  freezing. 

Answer  the  statements  as  True  (T)  or  Fal3e  (F). 

1.    The  low  limit  control  keeps  the  water  separator  from  freezing. 


2.    The  low  limit  control  valve  is  normally  in  the  open  position. 
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CORRECT  RESPONSES  TO  FRAME  13:    1.  _T      2.  _F_ 
Frame  14 

After  the  air  flows  from  the  water  separator,  air  flows  through  the 
service  air  heat  exchanger  (figure  14).    Downstream  of  the  service  heat 
exchanger,  the  cold  air  flows  to  reac*  a  point  where  there  are  two  paths 
for  air  flow.    One  path  goes  to  the  electronics  equipment.    The  other 
«L  tl  thTcabin.    The  next  component  in  the  cold  air  system  will  effect 
SThSS  2r  £st«.    Due  to  this!  we  will  go  through  the  hot  air  system  first, 
then  go  through  the  rest  of  the  cold  air  system. 


Fill  in  the  blanks. 

1.      Air  flows  through  the  water  separator  to  the 
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CORRECT  RESPONSES  TC  FRAME  14:    service  air  heat  exchanger 


Fraue  15 


For  the  following  questions,  read  the  part  name  shown  on  the  left 
side  of  the  page.  In  the  space,  place  the  letter  from  the  list  on  the 
right  side  of  the  page  that  matches  the  function  of  that  part. 


1.    Pressure  regulating  and  A. 
shutoff  valve 


2.  Low  limit  control 

3.  CADC 

4.  Prewhirl  valve 

5.  Cold  air  modulating 
valve 

6.  Ejector  nozzles 

7.  Compressor 


B. 

C. 

D. 

E. 
F. 


Increases  effectiveness  of  the 
air-to-air  heat  exchanger. 

Stops  freezing  of  the  water 
separator. 

Controls  compressor  load  on  the 
cooling  turbine. 

Controls  the  amount  of  air  flow 
through  the  cooling  turbine. 

Sends  air  to  the  ejector  nozzles. 

Controls  the  position  of  the  ram 
air  exit  door. 


G.      Regulates  at  165  psi. 
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CORRECT  RESPONSES  TO  FRAME  15:    1.    G      2.    £     3.    F  4. 


5.    D     6.    A     7.  E 


Frame  16 

The  hot  air  system  sends  air  to  the  low  limit  temperature  control 
valve,  windshield  rain  removal  and  the  hot  air  modulating  valve.  The 
hot  air  comes  from  the  main  bleed  air  manifold.    It  is  sent  through  a 
duct  to  the  hot  air  temperature  control  valve  (figure  15) .    The  hot  air 
valve  works  with  the  hot  air  temperature  sensor  and  hot  air  stabilization 
controller.    These  parts  control  hot  air  to  390°F.    The  valve  does  this 
by  controlling  the  amount  of  EBA  that  is  mixed  with  partially  cooled  air. 
•The  cooled  air  comes  from  the  air-to-air  heat  exchanger.    The  hot  air 
temperature  control  valve  is  controlled  by  changes  in  the  temperature 
sensed  by  the  Hot  air  temperature  sensor.    A  check  valve  is  in.  the  duct 
from  the  air-to-air  heat  exchanger.    The  -heck  valve  stops  a  reverse 
flow  of  air  into  the  cold  air  system. 

Answer  statements  as  True  (T)  or  False  (F). 

1.  The  hot  air  temperature  control  valve  moves  in  response  to  changes 
in  temperature  felt  by  the  not  air  temperature  sensor. 

2.  A  check  valve  is  in  the  duct  from  the  air-to-air  heat  exchanger. 

3.  Temperature  control  is  obtained  by  mixing  partially  cooled  air 
'  from  the  air-to-air  heat  exchanger  with  air  from  the  hot  air 

temperature  control  valve. 
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CORRECT  RESPONSES  TO  FRAME  16:  1.  T  2.  T  3.  T 
Frame  17 


regulator  that  kaeps  system  pressure  at  45  psi.    me  otner p  * 

rhare  is  also  a  test  button  on  the  regulator.  xc 
the  secondary  control  to  make  sure  it  works  right. 

Fill  in  the  blanks. 

1.      The  hot  air  pressure  regulating  valve  is  in  the  line  between  j 


the 


and  the 


2.  The  hot  air  pressure  reflating  valve  has  .  

separate  regulating  parts. 

3.  Failure  of  the  primary  regulator  can  be  known  by  observing  the 


v 


\\\) 
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^CORRECT  RESPONSES  TO  FRAME  17:    1.    hot  air  tempjj^ture  gn^l  valve , 

hot  sdj.  temperature  sensor 


2.  two 

3.  red  over-pressure  indicator^ 

Frame  18 

Look  at  fisure  17.    As  air  flows  through  the* pressure  regulating  valve, 
'it  come  \o  a  point  where  there  are  two  paths  for  air  to  flow     One  path 
goe.Tthe  windshield  clearing  system.    The  other  path  "ute»  hot  air  to 
the  cold  air  system  through  the  hot  air  modulating  valve.    This  valve 

ont roJs  hot  air  that  flows  to  the  cold  air  system  for  cab  «  temp™ 
control     Find  on  the  diagram,  where  the  hot  air  duct  joins  the  cold  air 
due ^  iotl  ?Sis  iflfter 'cold  air  is  taken  for  electronic, ,  coo  ling. 
This  means  that  only-^old  air  flows  to  the  electronics  equipment. 

Answer  the  statements  as  True  <T)  or  False  (F). 

*     The  hot  air  modulating  valve  controls  the  amount  of  hot  air 
  supplied  to  the  cola  air  system  for  cabin  air  conditioning. 


2.  The  hot  air  modulating  valve  is  mounted  in  a  duct  between 
the  hot  and  cold  air  system. 

3.  The  cabin  receives  only  cold  air  from  the  cabin  air 
conditioning  systt  .. 
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CORRECT  RESPONSES  TO  FRAME  18:    1.  _J_    2'  —    3*  — 
Frame  19 

Look  at  figure  18.    The  hot  air  modulating  valve  with  the  "Id 
a,r  valve  control  cabin  temperature     Movement  o    the  va  v 

ib  by  115V  AC  from  the  temperature  control  circuit.    115V  AC  Is  to  tne 
openor  closed  sides  of  the  valve  motor.    The  valve  motor  is  linked  to 
?he  valve  butterfly  through  a  clutch.    The  clutch  gets  103V  DC  f.om  the 
temperature  control  box.    Should  the  103V  DC  be  lost,  the  valve  will  be 
moved  to  the  closed  position  by  a  spring. 

Fill  in  the  blanks. 

1.      The  valve  motor  is  linked  to  the  valve  butterfly  through  a 


2.  If  the  103V  DC  power  is  lost,  the  valve  wJ  oe  moved 
  by  a   


34  41, 


Figure  18. 
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CORRECT  RESPONSES  TO  FRAME  1.  ^ 


Frame  20 


C*I*  temperature  is  controlled Jbf  b*i J  «u .hot  and  ^  ji-oduUt.ng 

valves.    The  minimum  flow  P"8^"  ^/fenas  a  constant  flow  of  cold 
air  valve  from  going  to  full  *inlffium  flow  pressure  switch 

air  to  the  cabin  and  electronics  equ ipae nt.    The  ml nJJ™       A Pl9  ooved 
is  made  of  two  diaptu  gms  and  an  air  flow  veutur J^^jj*.  alr 
by  the  diaphragm,  when  there  is  a  f  cuiwnJ  to  Either  the  hot 

flow  venfuri.    The  switch  wilt  send  J1*0"1^ C""*^re  switch  is  down- 
er cold  air  modulating  valve.    The  P"830"  ** 
stream  of  the  moisture  separator.    (See  folrtout  1) 

Fill  in  blanks  provided. 

1.      The  minimum  flow  pressure  switch  will  keep  the 


from  going  to  full 


2.      The  switch  is  moved  by 


3.     Temperature  control  for  the  cabin  is  done  by  movement  of  tha 


air  modulating  valves, 
and  „  .  — - 
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2«  *"S  TO  FRAME  20!    1.  ^ 


3.    hot»  cold 


Frame  21 


diagrams  and  control  panels.    The  ™J  remember 

JZ,  "loss  than".  You  should  leant  *-J^tJ^<2ut.  switch 
them.    Look  at  sh™  f^Tows  ^switch  in  dif- 

that  has  two  sets  of  contacts.    ™%?"8*™     .  ru6  8ymbols  at  the 

farent  positions  under  various  air  flow  conditions     ™jym  than 
side  of  each  set  of  contacts  show  %hat  the  air  flow 
10  or  15  pounds  per  minute  (ppm) . 

Answer  statements  True  (T)  or  False  ^(F). 

 !.    The  symbol  >  can  be  used  to  show  more  than  a  given  temperature 

2.    The  symbol  <  can  be  used  to  show  less  than  a  given  air  flow. 


38 


41  a 


MINIMUM  FLOW  PRESSURE 
SWITCH  MORE  THAN  15  PPM 


MINIMUM  FLOW  PRESSURE 
SWITCH  LESS  THAN  15  PPM 
OR  MORE"TH3N  10  PPM 


7 


<  15 

>  15 

<  |0 


-A    >  10 


MINIMUM  FLOW  PRESSURE 
SWITCH  LESS  THAN  10  PPM 


Figure  20. 
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CORRECT  RESPOSS 2S  TO  FRAME  21:     1.    7      2.  T 
Frame  22 

Figure  21  shows  an  electrical  diagram  of  the  hot  and  cold 
modulating  valves >  minimum  flow  pressure  switch  and  one  electrical 
connector  of  the  temperature  control  box  (?13) .    In  the  next  few  frames, 
you  will  use  this  diagram  to  trace  current  flow.    Look  at  connector 
(P13)ft  note  that  103V  DC  is  sent  through  pins  E,  B  D-C  and  to  the  hot 
and  cold  air  modulating  valve  clutches*    A  cooling  signal  from  the 
temperature  control  box  is  sent  through  pin  R;  a  heating  signal 
through  pin  S. 

On  some  of  the  connectors  in  the  wiring  diagrams  the  letters  are 
underlined*  This  means  that  the  pin  on  the  electrical  connector  will 
be  marked  with  a  LOWER  case  letter*  £  on  the  wiring  diagram  would  be 
a  lower  case  8  on  the  connector  trainer*        ■  s). 

Answer  the  statements  True  as  (T)  or  False  (F) • 

 m  1*    103V  DC  is  sent  throu^a  pins  ABC  and  D  to  the  hot  and 

cold  air  modulating  valve  clutches* 


A  cooling  signal  from  the  temperature  control  box  is 
applied  through  pin  R  and  a  heating  signal  through  pin  S, 
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AiR  TFMPERA7URE  CONTROLLER 


CLUTCH 


COLO  AIR  MOOULATING 
VALVE 


Figure  21, 
41 
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CORRECT  RESPONSES  TO  FRAME  22i    1.    F      2.  T 
Frame  23 

Look  at  figure  22.    The  temperature  control  circuit  is  asking  for 
cold.    Use  a  blue  pencil  to  trace  this  circuit.    Start  at  pin  R  of  the 
connector  (P13)  and  trace  over  wire  //H561A22  to  pin  B  of  the  hot  air 
modulating  valve.    This  will  cause  the  hot  air  modulating  valve  to 
move  to  the  closed  position.    The  valve  closed  the  limit  switch  then 
completes  a  circuit  from  pin  B  to  pin  G.    From  pin  G  potential  is 
through  wire  0563A22  to  pin  2  of  the  cold  air  undulating  valve.  The 
cold  air  valve  will  then  move  to  the  open  position.    Notice  that  with 
a  cooling  signal  from  the  temperature  control  circuit  current  does  not 
pass  through  the  minimum  flow  pressure  switch*    This  is  to  make  sure  that 
with  the  cold  air  modulating  valve  moving  open  there  is  no  danger  of 
closing  off  all  the  cold  air  flow. 

Fill  in  the  blanks. 

1.  The  temperature  control  circuit  demanding  cold  will  cause  the 
hot  air  modulating  valve  to    . 

2.  A  cooling  signal  from  the  temperature  control  circuit 

.    pass  through  the  minimum  flow  pressure 

switch. 
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AIR  TEMPERATURE  CONTROLLER 


COLD  AIR  MODULATING 
VALVE 


Figure  22. 
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CORRECT  RESPONSES  TO  FRAME  23:  1. 

2. 


.close 
es  not 


Frame  24 


Look  a    figju  23.    As  it  was     iid  in  the  last  frame,  a  cooling 
signal  from  the  temperature  control  circuits  does  not  pass  through 
the  minimum  flow  pressure  switch.    Hoc/ever,  a  heating  signal  from  the 
temperature  control  circuits  must  always  pass  through  the  switch.  With 
air  flow  above  15  ppm  and  a  heating  signal  asked  for  by  the  temperature 
control  system,  tvace  this  circuit  with  a  r*d  pencil.    Power  is  at  pin 
s  of  connector  P13.    Current  flows  over  wire  0H573A22  to  p*n  D  of  -  .e 
minimum  flow  pressure  switch.    Since  air  flow  is  above  15  ppmf  the 
contacts  made  a  circuit  between  pins  D  and  C  df  the  pressure  switch. 
Current  will  flow  from  pin  C  through  wire  #H57dA22  to  pin  #1  of  the 
cold  air  modu^ting  valve.    The  cold  air  valve  will  start  to  move 
toward  closed.    The  cold  air  moaulating  valve  is  upstream  of  the  minimum 
flow  pressure  switch.    Because  of  the  positions  of  these  parts  in  the 
system,  moving  the  cold  air  modulating  valve  toward  closed  will  decrease 
air  flow  through  the  minimum  flow  pressure  switch.    Look  at  foldout  1. 

Fill  in  the  blanks. 

It      A  heating  signal  from  the  temperature  control  circuit 


pressure  switch. 

2,      Moving  the  cold  ai:  modulating  valve  f      ~ds  the  closed 


pass  through  the  minimum  flow 


position  will 


air  flow  through  ".he  u^nimum  flow  pressure 


switch. 
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AIR  TEMPERATURE  CONTROLLER 
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PI  4    HOT  AIR  MODULATING 
VALVE 


CM 
M 


MINIMUM  FLOW 
PRESSURE  SWITCH 


PIS    TURBINE  COLD  AIR 
MODULATING  VALVE 


Figure  23. 
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CORRECT  RESPONSES  TO  FRAME  24:     1.    must  always 

2.    decrease  ^ 

Frame  25 

Frame  24  showed  a  heating  signal  and  an  air  flow  above  15  ppra. 
As  the  cold  air ^nodulating  valve  starts  to  move  closed,  air  flow 
through  the  minimum  flow  pressure  switch  will  drop  to  below  15  ppra. 
Use  a  green  pencil  to  trace  this  circuit  (figure  24).    Start  at  pin 
S  of  connect or  P12f  trace  .he  flow  of  current  from  pin  S  through 
wire  #H573a22  to  pin  D  of  the  minimum  flow  pressure  switch.  In 
frame  24,  air  flow  through  the  minimum  flow  pressure  switch  was 
above  15  ppm.    A  circuit  was  made  through  pins  D  and  C  to  the  cold 
eir  modulating  valve.    As  the  cold  air  modulating  valve  starts  to 
move  closed,  a^f  flow  through  the  pressure  switch  drops  to  less 
thaa  15  ppm.    The  air  flow  pressure  switch  makes  A  circuit  between 
pins  D  and  E.    Trace  voltage  from  point  E  through  wire  *H560A22  to 
pin  A  of  the  hot  air  modulating  valve.    This  will  close  the  valve 
to  move  toward  the  open  position,  maintaining  15  ppm. 

Fill  in  the  blank  spaces. 

1.  As  the  cold  air  modulating  valve  starts  to  clos*,  the  air 
flow  at  the  minimum  flow  pressure  switch  will  be   15  pp*. 

2.  After  the  minimum  flow  pressure  switch  drops,  the  flow  of 
air  below  15  ppm  the  . 


vrlve  will  move  toward  the  ^    position. 


t 
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PI5     TURBINE  COLO  AIR 
MOOULATING  VALVE 


Figure  24. 
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CORRECT  RESPONSES  TO  FRAME  25 t    1.  below 

2.    hot  air  modulating,  open 

Fran*  26 

There  will  b.  no  change  In  th.  minimum  f  low 
ooaltlon  whil.  ilr  flow  i.  betwaen  10  ppm  to  15  ppm.    In  this  range 
Si"Sur.  i.  changed  b-  movant  of  th.  hot  air  modulating  valv.. 
Th7v.lv.  will  mov.  wh.n  th.  temperature  control  system  asks  for 
hot  «±r.    If  air  flow  drop,  to  b.low  10  ppm,  there  is  dang.r  o.  a 
low  flow  of  air  flow  to  th.  cabin  and  electronic  equipment.  The 
minimum  flow  pre..ur.  switch  will  f«l  th.  low  .ir  flow  through 
SHE  flow  venturi.    Th.  low  air  flow  will  change  th.  switch 
position.    Us.  an  orange  pencil,  trace  this  <£jur*  *5) ' 

Pin  B  (rem«b.r  B  -  b)  of  connector  P13  g.ts  1"V  AC     cm  the 
cont7ol  box  circuits.    Tr.c.  from  pin  B  and  wire  #H57AA22  to  pin  A 
of  th.  minLns  flow  pr..sur.  witch.    When  air  flow  is  below  10  PP», 
a  circuit  iTLdm  from  pin  A  to  pin  B  of  the  pressure  switch.  Current 
JlowHrom  piH  over  wire  #H57?.A22  to  pin  6  of  th.  cold  .ir  modulating 
v.lv..    Th.  cold  sir  moduLting  valve  moves  open  to  cause  an  increase 
in  air  flow. 

Fill  in  the  blank*. 

1.  If  the  flow  at  the  minimum  flow  pressure  switch  drops 
below  10  ppm,  a  circuit  will  be  made  to  send  a  115V  AC  signal  to  the 

 valve  to  it* 

2.  Should  air  flow  drop  below  10  ppm,  there  is  danger  of 

a  low  flow  of  air  flow  to  th.   —  and  


9) 


AIR  TEMPERATURE  CONTROLLER 


Figure  25. 
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PIS    TURBINE  COLO  AIR 
MODULATING  VALVE 


CORRECT  RESPONSES  TO  FRAME  26 1    1 .    cold  air  modulating,  open 

2.    cabin,  electronics  equipment 


Frame  27 

The  minimum  upstream  pressure  regulator  (figure  26),  is  placed 
ia  the  cold  sir  ouct  that  goes  to  the  cabin  (foldout  1).  The 
purpose  of  this  valvs  is  to  send  a  good  flow  of  cold  air  to  both 
the  cabin  and  the  electronics  equipment.    The  valve  is  controlled 
by  a  pressure  switch  in  the  cabin  that  operates  a  solenoid  when  a 
certain  altitude  is  reached.    Movement  of  the  solenoid  will  cause 
the  regulator  to  be  opened  or  closed.    This  allows  most  of  the  cold 
sir  to  go  to  the  electronics  equipment  while  some  is  saved  for  cabin 
pressurization. 

Answer  the  statements  True  as  (T)  or  False  (F) . 

  1.    The  minimum  upstream  pressure  regulator  is  placed  in 

the  system  to  keep  an  adequate  flow  of  cold  air  only 
to  the  cabin. 

  2.    A  pressure  switch  will  control  the  valve  to  make  sure- 

air  flows  to  the  electronics  equipment  and  to  the  cabin. 
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HOT  AIR  MODULATING  VALVE 
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SWITCH 


LOW  LIMIT 
SENSOR 


LOW  LIMIT 
CONTROL  VALVE 


COLO  AIR 
MODULATING 
VALVE 


HOT  AIR  TEMPERATURE 
SENSOR 


Foldout  1.  Section  2. 
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FOREWORD 


This  progressed  tut  was  designed  for  use  in  tha  3ABRA2231  Coursa. 
Tha  taxt  ha*  bean  validated  using  30  ttudents  from  tha  sub j act  course. 
Ninety  percent  of  the  stud ants  taking  this  taxt  surpassed  tha  criteria 
called  for  In  the  approved  leeaon  objactivea.    The  average  student 
required  3  hour a  to  couplets  thla  lesion. 

OBJECTIVES 

After  completion  of  this  text  you  will  be  able  to: 

1.  Select  statement a  that  identify: 
>   a.      Purpose  of  each  component. 

b.  Component  operation  within  the  system. 

c.  Purpose  of  £he  self-test  system. 

» 

2.  Trace  electrical  circuits  for  system  operation. 

3.  Ideruify  circuits  affected  when  *ir  flow  is  less  than  10  ppm. 

A.      Identify  circuits  affected  vhei}  the  cabin  over  temperature 
switch  opens. 

At  the  completion  of  this  text,  you  will  be  required  to  obtain  a 
score  of  70%  on  a  written  teat. 

INSTRUCTIONS 

Thla  programed  taxt  preaente  information  in  email  steps  called 
"frames/9   After  each  frame  you  are  apkad  to  complete  a  statement  or 
determine  the  answer  to  a  question.    Read  the  material  presented  and 
make  your  reaponae  aa  directed.    After  you  have  made  your  response, 
compare  your  answer  with  the  correct  answer  given  on  the  even  numbered 
page  following  each  frame.    Write  the  correct  answer  next  to  your 
original  reaponae  and  than  proceed  to  the  next  frame.    If  necessary,  you 
may  go  back  to  check  information  previously  given,  but  do  not  skip  ahead. 


Superaedes  3ABR42231-PT-309A,  25  June  1973. 
OPR:  TAS 
DISTRIBUTION:  X 

TASTC  -  150;  TTVGC  -  1 


437 


sr?Y 


Frame  1 


The  temperature  control  pystem  haa  the  p^rta  chat  control  tempera- 
ture of  the  air  conditioning  system.    Tha  tamparatura  ia  cotrtrollad  by 
tha  mixing  of  cool  and  hot  air.    Tha  cold  air  modulating  valva  controls 
tha  air  that  ia  cooled.    Tha  hot  air  modulating  valva  controla  tha  hot 
air  that  ia  mix  ad  with  coolad  air.    Tha  minlmua  flov  praaaura  switch 
determines  tha  valva  that  will  oparata  under  various  air  flow  and  condi 
tlona.    Control  of  tha  hot  and  cold  air  modulating  valves  ia  done  by  a 
tamparatura  control  box,  temperature  control  panel,  cabin  sensor,  over- 
temperature  thermostatic  switch  and  rate-of-change  temperature  sensor. 
Air  temperature  can  be  controlled  from  the  temperature  control  panel 
either  automatically  or  manually.      *  w 

Complete  the  following  statements  by  filling  in  the  missing 
information  in  the  spaces  provided* 

!►   v  Air  temperature  can  be  controlled  from  the   


2.    ^aspnrfture  control  is  accomplished  by  a  temperature  control 


3.      The  temperature  control  system  will  control  r  i  position  of  the 


box,  temperature  control  panel, 


,  overt 'smperature  thermostatic  switch  and 


a 


. e  tperature  sensor. 


and 


air  modulating  valves. 
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CORRECT  RESPONSES  TO  FRAME  1:1.  temperature  control  panel 

2 .  cabin  sensor  rate-of change 

3.  hot,  cold 

Fraare  2  , 

The  switches  used  to  control  the  air  source,  air  conditioning  and 
presaurixation  parts  a*re  on  the  air  conditioning  control  panel.  The 
panel  has  the  air  source  control  switch,  ram  area  switch,  pressurization 
switch*  mode  switch  and  the  temperature  sexector.    For  temperature  con* 
trol  we  will  discuss  the  moae  switch  and  temperature  selector.  Figure 
1  shows  the  electrical  circuitry  and  the  control  panel  face.    When  the 
mode  switch  is  *«ved  to  automatic  it  will  supply  28V  DC  and  115V  AC  to 
the  temperature  control  box.    In  this  position,  temperature  control  is 
obtained  by  moving  the  (temperature  selector)  to  the  desired  temperature 
With  the  mode  switch  to  manual,  the  selector  must  bi  moved  to  the  far 
left  or  right  to  control  temperature.    In  the  far  left  (cool)  position 
the  selector  makes  e  circuit  between  X  and  V.    This  is  the  cool  side  of 
the  switch.    In  the  far  right  (warm)  position  a  circuit  is  made  from  pin 
X  to  pin  Y.    This  is  the  warm  side  of  the  switch.    The  selector  must  be 
HELD  in  the  extreme  positions  to  have  manual  operation. 

Complete  the  following  statements  by  filling  in  the  missing  informa 
tion  in  the  spaces  provided. 

1.  Manual  temperature  control  is  accomplished  by  moving  the 
temperature  switch  to  the  positions. 

2.  The  temperature  rheostat  is  part  of  the  
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CORRECT  RESPONSES  10  FRAME  2:  1.  extreme 

2 .      temperature  selector 

Frame  3 

The  cabin  temperature  sensor  is  ii\  the  cabin.    It  will  sense  air 
temperature  through  electrical  resistance.    This  seise r  has  a  negative 
coefficient  of  resistance.    The  sensor  is  used  to  control  cabin  tempera- 
ture in  the  automatic  mode  of  operation.    This  is  done  by  a  signal  sent 
to  the  temperature  control  box  by  the  sensor.    The  box  will  send  a  hot 
or  cool  signal  to  show  the  resistance  change  of  the  sensor.    A  fan  is 
used  to  keep  flow  of  air  across  the  sensor.    The  fan  runs  on  115V  AC 
when  the  mode  switch  is  moved  to  auto  or  manual. 

Mark  the  following  statements  true  (T)  or  false  (F)  in  the  spaces 
provided. 

1.    The  cabin  temperature  sensor  is  positive  coefficient. 

2.    As  cabin  temperature  increases  around  the  cabin  sensor, 

sensor  resistance  decreases. 

3.    A  fan  is  used  to  assure  air  flow  across  the  cabin  sensor. 


3. 


Cabin  Temperature  Sensor 


Frame  4 


The  rate-of -change  temperature  sensor  is  in  tie  conditioned  air 
duct.    It  is  put  in  the  duct  at  a  point  just  before  where  the  air 
reaches  the  cabin*    It  is  a  three  element  sensor  (negative  coefficient). 
Two  of  Che  elements  are  duct  anticipator  elements.    One  of  the  two 
elements  is  lagged  by  the  use  of  insulation.    The  other  is  directly 
exposed  to  air  flow.    The  purpose  of  the  uninsulated  element  is  to 
cancel  the  signal  from  the  cabin  bridge.    This  will  keep  the  tempera- 
ture from  going  too  hot  or  cold  before  the  cabin  sensor  can  sense  the 
change  and  stop  the  sigral.    The  purpose  of  the  insulated  or  lagged 
element  is  to  stop  the  signal  sent  by  the  other  anticipator  element. 
This  will  allow  the  cabin  bridge  to  take  control  of  the  system.  The 
third, element  (called  the  hifeh  limit)  is  a  safety  device  which  will 
cause  the  system  to  run  full  cold  if  the  duct  temperature  goes  above 
200°F. 


HIGH  LIMIT 
ELEMENT 


ANTICIPATOR 
ELEMENTS 


\F    E     C      A  B/ 


Mark  the  following  statements  true  (T)  or  false  (F)  in  the  spaces 
provided. 


1. 


2, 


The  rate-of-change  temperature  sensor  is  located  in  the 
cabin  compartment. 

The  rate-of-change  temperature  sensor  is  a  three  element 
person. 


MM 

CORRECT  RESPONSES  TO  FRAME  3:  1.  JP_  2.  _F_  3.  JT 
CORRECT  RESPONSES  TO  FRAME  4:  1.    _F-     2*  1 

Frame  5 


The  cabin  overt emperature  switch  is  a  normally  closed  thermoswitch. 
It  is  put  in  the  end  of  the  cabin  air  inlet  duct.    The  switch  will  control 
the  maximum  duct  temperature  in  auto  and  manual  should  the  high  licit 
part  of  the  automatic  temperature  control  system  fail.    The  switch  will 
open  at  a  duct  temperature  of  250°F.    When  the  switch  is  open,  115V  AC 
from  the  air  temperature  control  box  causes  the  hot  air  modul&tiag  valve 
to  close.    The  cold  air  modulating  valve  will  open  and  cause  the  system 
to  run  full  cold.    As  soon  as  the  duct  temperature  falls  to  250°F  the 
switch  will  close.    Normal  operation  of  the  temperature  control  system 
resumes. 

OVERTEMP 
SWITCH 


2 


Complete  the  following  statements  by  filling  in  the  missing  informa- 
tion in  the  spaces  provided. 

1.  The  cabin  over  temperature  switch  is  a  nornally  

switch. 

2.  Opening  the  overtcmperature  switch  occurs  at  a  duct  temperature 
of  degrees  F. 

Frame  6 

Complete  the  following  statements  by  filling  in  the  missing  informa- 
tion in  the  spaces  provided. 

1.  The    temperature  sensor  is  s 

three  element  resistance  type  resistor. 

2.  TJie  rate-of -change  temperature  sensor  consists  of  two   

elements  and  a  element. 


8 

Us 


3.     The  high  limit  element  limits  maximum  duct  temperature  to 


  degrees  F. 

4.  The  high  limit  element  will  oppose   temperature 

al  set  ions. 

5.  The  cabin  temperature  sensor  fan  will  operate  when  the  mode 
switch  is  placed  in  the  or  positions. 

6.  The  cabin  temperature  sensor  has  a  coefficient 

of  resistance. 

7.  WheL  the  cabin  over temperature  switch  opens  the  hot  air 

modulating  valve  will    and  the  cold  air  modulating 

valve  will  . 


8.      The  cabin  overtemperature  switch  is  normally  . 

Frame  7 

The  control  box  for  the  sir  temperature  controller  is  shown  In  foldout 
#1.    As  we  talk  about  each  part  of  the  box  look  at  foldout  #1  to  find 
out  where  the  part  is  located.    This  bcx  is  made  up  of  a  cabin  bridge(l), 
an  anticipator  bridge (2),  a  high  limit  br±age(3j9  a  DC  power  supply(4)9 
and  an  overheat  relay v5).    The  bridges  will  be  covered  in  later  frames. 
First  we  will  talk  about  the  power  supply  for  the  box.     The  box  gets 
115V  AC  through  pin  G(6)  from  a  circuit  breaker  outaide  the  box  (not 
shown).    This  power  is  sent  to  the  cool  and  heat  transistors(7,  8)  and 
the  103V  DC  power  supply(4).    The  103V  DC  power  supply  will  change  115V 
AC  to  103V  DC,  which  is  sent  to  run  the  modulating  valve  clutches.  The 
box  also  has  a  self  test  system  (not  shown)  used  to  check  the  modulating 
valve  clutches  and  temperature  sensors.    The  system  will  be  covered  in 
your  next  lab. 

Mark  the  following  statements  true  (T)  or  false  (F)  ir  the  spaces 
provided. 

1 .  The  AC  power  supply  delivers  power  to  the  transistors 

and  to  the  103V  DC  power  supply. 

2.    The  DC  power  supply  changes  115V  AC  to  28V 


Fl4UM  8 


Next  we  will  talk  about  Che  manual/auto  relay(9)  on  foldout  #1. 
It  la  made  up  of  two  aata  of  contacta  and  a  relay  coil*    The  relay's 
job  la  to  aet  the  eystem  in  manual  or  automatic  control.    When  the 
system  ia  put  in  automatic,  the  relay  will  energize  and  pull  the 
contacta  down*    How  the  tranaiatora  will  send  power  to  run  the  hot 
and  cold  air  modulating  valve  a  (not  shown) .    When  the  system  ia  in 
manual  the  relay  ia  de-energised  and  the  contacts  are  up .    Now  t!  e 
hot  and  cold  air  modulating  valvea  will  receive  their  power  from  the 
manual  part  of  the  temperature  rheostat  (not  shown). 

Mark  the  t<  llowing  statements  true  (T)  or  false  (F)  in  the  spaces 
provided. 


1. 


When  the  manual/auto  relay  is  energized  the  system  is 
in  manual. 


2. 


When  the  system  is  in  automatic  the  modulating  valves 
get  their  power  from  the  transistors. 


CORRECT  RESPONSES  TO  FRAME  5: 
CORRECT  RESPONSES  TO  FRAME  6: 


CORRECT  RESPONSES  TO  FRAME  7: 


1.  closed       2.  250°F 

1.  r  a  t  e-o  f  -change 

2.  anticipator,  high  limit 

3.  200T 

4.  hot 

5.  automatic,  manual 

6.  negative 

7.  closet  open 

8.  cloned 
1.  T    2.  F 


10 


Frame  9 

We  will  now  discuss  the  overheat  relay(5)  on  foldout  #1,  use  foldout 
#1  as  ve  go  through  this  frame  to  see  how  the  relay  works.    The  overheat 
relay  is  made  up  of  a  relay  coll  and  two  sets  of  contacts.    The  relay  is 
energised  at  all  times  when  the  plane  has  power.   When  the  relay  is  energized 
it  will  pull  the  contacts  down  and  let  the  manual/auto  relay(9)  control 
the  modulating  valves  (not  shorn)  •    The  relay  is  controlled  by  an  over- 
heat switch  (not  shown)  which  is  located  outside  the  box.    The  switch 
was  covered  in  frame  5 ,  so  we  will  not  go  over  its  operation.    When  the 
switch  is  open  the  relay  is  de-energized  and  the  contacts  go  up,  now 
power  is  sent  over  the  upper  contacts  to  close  the  hot  air  modulating 
valve.    The  lower  contact* has  no  power  so  the  cold  air  modulating  valve 
will  go  to  the  spring  loaded  open  position.    This  will  keep  duct  tempera- 
ture down  to  250  degrees  P.    When  the  temperature  drops  back  below 
250  degrees  F.  the  switch  will  close  an<^£h*  relay  will  energize,  thus 
letting  the  manual/auto  relay  control temperature. 

Nark  the  following  statements  true  (T)  or  false  (F)  in  the  spaces 
provided. 

1.    The  overheat  relay  is  energized  during  an  overheat 

condition. 

2.  During  an  overheat  condition  the  cold  air  modulating 

valve  is  closed. 


11  W; 


CORRECT  RESPONSES  TO  FRAME  8:1.  £  2,  T 
CORRECT  RESPONSES  TO  FRAME  9:  1.    F       2.  T 

Frame  10 

Look  at  figure  2  as  we  discuas  parta  of  the  air  conditioning 
panel  and  air  teaperature  controller  circuits.    The  first  part  we  will 
talk  about  is  the  cabin  bridge.    Notice  that  the  temperature  selector 
and  the  cabin  sensor  make  ap  two  legs  of  this  bridge.    The  other  two 
legs  contain  fixed  resistors.    Let's  see  how  these  circuits  work  when 
the  node  selector  is  in  AUTO.    This  means  that  the  MAN/AUTO  relay  has 
pulled  the  cool  and  heat  contact  points  DOWN.    Trace  the  circuit  on 
figure  2  as  we  go  through  the  current  flow.    Remember,  current  flows 
from  negative  to  positive.    Start  at  the  ground  point  on  the  cabin 
bridge  and  follow  the  flow  down  through  pin  R  and  to  the  cabin  sensor. 
This  sensor  has  a  negative  coefficient.    What  that  means  la,  if  the 
temperature  around  the  sensor  is  high,  Its  resistance  will  drop.  This 
will  let  the  current  go  through  the  sensor,  back  through  pin  N  to  the 
bridge,  and  out  point  A  to  the  hot  and  cold  transistors.    The  windings 
of  the  transistors  are  arranged  so  that  the  first  one  to  get  current 
goes  OFF  and  the  next  one  goes  ON.    In  this  case  the  heat  transistor 
got  the  current  first  so  it  went  off.    The  cool  transistor  got  current 
next  so  it  went  on.    This  allows  current  from  the  115V  AC  power  supply 
to  flow  across  the  cool  contact  points  to  the  hot  and  cold  ai*.  modulating 
valves  (not  shown). 

Complete  the  following  statements  by  filling  in  the  missing 
information  in  the  spaces  provided. 

1.     The  cabin  bridge  consists  of  the  cabin  , 


temperature 
resistors. 


and  two 


2. 


When  the  power  goes  through  the  first  winding,  it  is 


turned 


,  therefore,  the  power  for  the  second 


windings  will  be  turned 
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CORRECT  RESPONSES  TO  FRAME  10:         1.    imior,  selector,  fixed 

2.    off,  on 

Frame  11 

As  we  discuss  ths  next  two  paragraphs  look  at  figure  3.  The 
anticipator  bridge  works  with  the  cabin  bridge  to  keep  from  over- 
shooting the  temperature  setting.    Previously  we  learned  that  the 
uninsulated  (or  fast  element)  and  Insulated  (or  slow  element)  are 
used  to  stop  overshooting.    Tou  will  now  see  how  these  elements  do 
this.    Let  us  say  the  cabin  is  receiving  hot  air  and  the  cabin  bridge 
sends  out  a  signal  for  cold  air.    Since  the  anticipator  element  is  in 
the  duct  that  leads  to  the  cabin,  it  will  be  the  first  part  to  sense 
the  change  in  temperature.    We  do  not  want  the  cabin  to  get  too  cold, 
so  as  soon  as*  the  fast  element  senses  this  change,  its  resistance 
will  increase.    Since  current  takes  the  path  of  least  resistance,  it 
will  How  in  the  opposite  direction.    Current  then  flows  tnrough  the 
fixed  resistor  of  the  next  leg,  then  through  the  cold  winding  turning 
it  off.    Current  then  flows  through  the  hot  winding  and  cancels  the 
signal  sent  by  the  cabin  bridge.    As  soon  as  the  resistance  of  the 
slow  element  equalises  with  the  resistance  of  the  fast  element,  the 
bridge  will  balance  and  stop  the  signal. 

Mark  the  following  statements  true  (T)  or  fa^se  (F)  In  the  spaces 
provided. 

1.    The  anticipator  bridge  works  in  conjunction  with  the 

cabin  bridge  to  prevent  overshooting. 

2.    Current  will  always  take  the  path  of  least  resistance. 

Frame  12 

The  high  limit  bridge  is  a  safety  feature,  figure  3.    When  the 
duct  temperature  is  more  than  200*F,  the  resistance  of  the  high  limit 
sensor  will  start  to  decrease*    When  this  happens  the  current  will  flow 
througtythe  sensor  and  out  the  bottom  of  the  bridge  at  point  C.  It 
will  tnen  flow  through  the  hot  winding  and  turn  it  OFF.    This  current 
then  flows  through  me  cold  winding  and  turns  it  ON.    This  then  sends 
a  cold  signal  to  the  hot  air  modulating  valve  and  cold  air  modulating 
valve*    The  diode  in  the  high  limit  bridge  is  used  to  stop  a  signal, 
should  there  be  a  temperature  drop  in  the  duct.    The  high  limit  bridge 
is  stronger  than  the  other  two  bridges  combined.    This  will  allow  the 
signal  from  the  high  limit  bridge  to  override  signals  sent  by  the  other 
two  bridges.    The  cabin  bridge  is  the  weaker  of  the  three  bridges. 

Mark  the  following  statements  true  (T)  or  false  (F)  in  the  spaces 
provided • 

1.    The  high  limit  bridge  is  a  safety  feature  * 

2.    The  high  limit  bridge  will  sendva  hot  signal  to  the 

valves  when  duct  temperature  exceeds  200*F. 


CORRECT  RESPONSES  TO  FRAME  11: 
CORRECT  RESPONSES  TO  FRAME  12: 


1.  T  2.  T 
1.    T       2.  F 
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OBJECT IVFS 

Given  a  temperature  control  wiring  diagrar  and  a  workbook,  determine 
operation  by  tracing  circuits  and  analyzing  selected  malfunctions*    From  a 
list  of  statements  and  responses,  select  70%  of  the  responses  correctly* 

EQUIPMENT 

Basis  of  Issue 
Box  of  Colored  Pencils  l/student 

PROCEDURE 

Open  foldout  1*    This  is  the  wiring  diagram  for  the  complete  air 
conditioning  temperature  control  system.    In  the  pr~*ious  PT  we  discussed 
all  the  circuits  of  the  air  conditioning  temperature  control  system.  Do 
this  workbook  step-by-step  and  do  not  skip  any  steps.    The  diagram  will 
be  checked.    Using  colored  pencils,  trace  the  circuits  with  the  color 
call  1  for  in  each  step. 

Step  1 

The  power  circuits  are  energized  when  electrical  power  is  ON  and  the 
mode  switch  is  OFF.    Use  a  red  pencil  to  trace  the  power  circuits.  Start 
at  the  28V  DC  circuit  breaker  CB4,  trace  current  flow  from  the  circuit 
breaker  through  wire  H503A22  point  A.    From  point  A  trace  current  to 
pin  B  of  the  temperature  control  panel.    From  pin  B  to  the  upper  contact 
of  the  mode  selector  switch.    With  the  mode  switch  OFF  current  flow  stops 
at  ti«ls  point.    At  point  A  trace  current  flow  through  wire  H503B22  to  the 
overtemperature  switch.    Since  the  overtenperature  switch  is  normally 
CLOSED  current  will  flow  through  the  switch,  out  wire  H55QA22  to  pin  K 
of  the  control  box.    Inside  the  control  box  current  from  pin  K  energizes 
the  cabin  overheat  relays.    Now  trace  current  flow  from  circuit  breaker 
CB2  over  wire  H501A22  through  pin  K  to  the  lower  contact  of  the  mode 
selector  switch.    When  the  mode  switch  is  in  the  OFF  position,  current 
will  not  pass  through  the  switch  contacts. 

Step  2 

Use  a  green  pencil  and  trace  the  following  circuits.    Draw  the  mode 
selector  switch  contacts  to  f.he  manual  (down)  position.    115V  AC  moves 
current  through  the  switch  to  pin  W  of  the  air  conditioning  control  panel. 


OPR:  TAS 
DISTRIBUTION:  X 
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Current  moves  on  wlreaH34QB22  to  the  cabin  temperature  fan.    The  fan 
will  operate  at  this  time.    In  the  alar  conditioning  panel,  trace  current 
flow  from  the  mode,  selector  switch  to  point  B.    Now  trace  current  flow 
out  pin  X  and  over  wire  H532B22  to  pin  G  of  the  air  temperature  control 
box.    In  the  control  box  current  moves  through  pin  G  to  the  AC  and  DC 
power  supplies.    The  103V  DC  power  supply  sends  current  co  the  HOT  and 
COLD  air  modulating  valve.    The  power  is  used  to  engage  the  solenoid 
clutches.    The  clutches  connect  the  valve  actuators  to  the  butterfly 
valves  for  operation.    Trace  current  flow  from  the  negative  jlde  of  the 
103V  DC  to  point  C.    From  point  C  out  pins  D  and  E  to  the  valve  clutches. 
Trace  current  through  both  valve  clutches,  bick  through  pins  C  and  B  to 
the  posit iv    side  of  the  103V  DC  power  supply. 

Step  3 

Start  tracing  at  po-tnt  B  with  a  blue  pencil.    Trace  current  flow  to 
the  manual  switch  of  tht  temperature  selector.    Draw  the  manual  switch  to 
the  cool  position.    115V  AC  sends  current  through  the  switch  to  pin  V  of 
the  temperature  control  panel.    From  pin  V  current  moves  through  wire 
E533B22  to  pin  B  and  to  the  upper  set  of  contacts  of  the  manual/auto 
relay*    STOP  tracing  at  this  point.    Under  normal  operating  conditions 
current  would  go  through  the  upper  contacts  of  the  overheat  relay.  From 
the  overheat  relay  current  flow  moves  the  cold  and  hot  air  modulating 
valve  to  the  cold  position. 

Note:    Since  AUTOMAAfcC  and  MANUAL  use  the  same  wires  from  the 
manual /automatic  relay  to  the  hot  and  cold  air  modulating  valves, 
these  circuits  will  be  traced  later. 

Step  4 

With  a  brown  pencil  draw  the  temperature  selector  manual  switch  tr 
the  manual  warm  position.    Now  trace  the  following  circuits.  Current 
flows  out  pin  Y  through  wire  H531B22  to  pin  £  of  the  temperature  conttol 
box.    From  pin  C  (remember  £  ■  c)  current  moves  i    the  control  box  and 
to  the  lower  contacts  of  the  manual/auto  relay.    3T0P  tracing  at  this 
point.    The  remaining  circuits  will  be  traced  when  the  automatic  system 
is  covered. 

Step  5 

With  a  purple  pencil  draw  the  mode  switch  contact-*  to  the  automatic 
(up)  position.    Note,  that  the  circuits  you  have  drawn  in  green  will 
stay  energized.    28V  DC  from  circuit  breaker  CB4  can  now  cause  current  to 
flow  across  the  upper  switch  contact  and  out  pin  C.    Trace  the  current 
flow  over  wire  H525B22  to  pin  L  of  the  temperature  control  box.  From 
pin  A  current  flow  will  move  through  the  coi1        tlie  manual/auto  relay 
and  pull  the  relay  contacts  down.    With  the  relay  contacts  down,  a  circuit 
is  completed  from  the  temperature  control  box  transistors  to  the  hot  and 
cold  module    ng  valves.    Draw  the  circuits  from  the  transistors  to  tlie 
manual/auto  relay.    STOP  at  this  point. 
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Note:    The  mode  witch  controls  the  position  of  the  manual/auto 
relay.    With  the  mode  switch  In  manual  the  relay  Is  deenergized. 
Temperature  control  Is  accomplished  by  holding  the  temperature 
selector  to  manual  warm  or  cool.    Placing  the  mode  switch  to 
automatic  energizes  the  manual /auto  relay.    When  the  -aanual/auto 
relay.  Is  energized,  power  to  move  the  modulating  valves  to  hot  or 
cold  is  from  the  hot  windings.    Control  of  the  windings  Is  aone 
by  the  temperature  control  rheostat,  temperature  sensors,  and 
the  bridge  circuits. 

Step  6 

The  following  5  steps  will  trace  the  common  circuits.    The  circuits 
are  comson  for  both  automatic  and  manual  teof>crature  controls  will  use 
tneae  circuits  to  run  the  hot  and  cold  modulating  valves.    Use  a  yellow 
pencil  to  trace  the  cooling  circuit.    Start  at  the  upper  set  of  contacts 
of  the  manual/auto  relay.    Trace  current  flow  to  the  contacts  of  the  cabin 
overheat  relay.    From  the  cabin  overheat  relay  trace  current  flow  to 
pin  R  of  the  temperature  control  box.    Current  f}ows  from  pin  R  over 
wire  H561A22  to  pin  B  of  the  hot  air  modulating  valve.    The  valve  closed 
limit  switch  will  send  current  through  the  closed  windings  of  the  valve 
actuator.    The  hot  air  modulating  valve  ground  Is  at  pin  C.  Trace 
current  through  the  closed  winding,  out  pin  C.    From  pin  C  over  wire 
H564A22  to  pin  k  of  the  temperature  control  box.    As  soon  as  the  hot 
sir  modulating  valve  doses,  th#  closed  Limit  switch  will  open  and  send 
current  out  pin  G  over  Wire  H563A22  to  pin  2  of  the  cold  air  modulating 
valve.    The  valve  limit  switch  will  send  current  through  the  actuator 
opening  windings.    The  cold  air  modulating  valve  ground  1   at  pin  3 
through  wire  R565A22  to  pin  K  of  the  hot  air  modulating  valve.  Trace 
through  pin  K  end  out  pin  C,  since  both  valves  use  a  connon  ground. 

Step  7  • 

Use  an  orange  pencil  to  trace  the  heating  circuit.    Start  at  the 
lower  contacts  of  the  manual/auto  relay.    Trace  current  across  the 
contacts  of  the  cabin  overheat  relay.    From  the  overheat  relay  trace 
current  down  to  pin  S  of  the  temperature  control  box.    Current  moves 
through  wire  H573A22  from  pin  S  to  pin  D  of  the  minimum  flow  pressure 
switch.    At  this  time  air  flow  through  the  pressure  switch  will  be 
above  15  ppm.    Because  of  this,  current  will  move  thorough  the  switch 
from  pin  0  to  pin  C.    Current  then  moves  from  pin  C  through  wire 
H57Qfc22  to  pin  1  of  the  cold  air  modulating  valve.    The  cold  air 
modulating  valve  will  start    >  close. 


.1  -  - 
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Step  8 


Keep  in  mind,  that  when  the  air  conditioning  system  does  dose  the 
cold  air  modulating  valve,  the  flow  of  air  through  the  minimum  flow  pressure 
switch  is  reduced.    Use  an  orange  pencil  to  trace  the  remainder  of  the  warm 
circuit.    Start  at  pin  D  of  the  minimum  flow  pressure  switch.    At  this 
time  air  flow  through  the  minimum  flow  pressure  switch  has  dropped  to 
lass  than  15  ppm,  due  to  the  cold  air  modulating  valve  moving  toward 
closed.    Current  now  moves  through  the  minimum  flow  pressure  switch 
from  pin  D  to  pin  E.    From  pin  E  current  flows  over  wire  H56QA22  to 
pin  A  of  the  hot  air  modulating  valve.    The  hot  air  modulating  valve 
will  open. 

Note:    To  be  sure  that  there  is  a  good  flow  of  cold  air  to  the 
cabin  and  electronics  equipment,  the  minimum  flow  pressure  switch 
will  open  the  cold  air  modulating  valve,  if  air  flow  falls  below 
10  ppm. 

Step  9 

With  a  light  blue  pencil  trace  the  following  circuit.    Start  to 
trace  at  pin  I*  of  the  temperature  control  box  plug  P13 .    Pin  B  receives 
115V  AC  from  the  control  box  internal  circuits.    Trace  current  from 
pin  B  to  wire  H574A22  to  pin  A  of  the  ninimum  flow  pressure  switch. 
When  air  flow  falls  below  10  ppm  the  minimum  flow  pressure  switch  will 
close  a  circuit  between  pin  A  and  pin  B.    Current  will  flow  out  pin  B 
over  wire  H572A22  to  pin  6  of  the  cold  air  modulating  valve.    The  cpld 
air  modulating  valve  will  open. 

Step  10 

Note  the  circuit  you  have  drawn  in  red.    The  circuit  will  past 
through  the  overtemperature  switch  and  energize  the  cabin  overheat 
relay.    Should  duct  temperature  be  more  than  250  P  at  the  over  temper  it  ure 
switch,  the  switch  will  open  and  deenergize  the  cabin  overheat  relay. 
Current  flows  from  point  E  in  the  control  box  across  to  the  upper  contact 
of  the  upper  set  of  contacts.    This  will  energize  the  circuits  you  have 
drawn  in  yellow.    With  these  circuits  energized  the  hot  and  cold  air 
modulating  valves  move  to  the  cold  positions. 

Step  11 

In  the  spaces  provided,  fill  in  the  missing  information.    You  may 
use  the  wiring  diagram  when  necessary.  J 

1.  The  temperature  selector  is  connected  to  the  

bridge . 

2,  When  the  mode  switch  is  in  the  automatic  position,  the  manual/ 


auto  relay  will  be 


(energized/deenergized) . 


3.  Under  normal  operating  conditions,  the  cabin  overheat  relay 
will  be    (energlzed/deenergized) . 

4.  When  the  mode  switch  is  in  the  OF?  position,  the  hot  and  cold 

air  modulating  valve  clutches  will  be    (energized/ 

deenergized). 

5.  When  air  flow  through  the  minimum  flow  pressure  switch  falls 

below  10  ppm,  the  cold  air  modulating  valve  will  

(open/close). 

6.  In  the  automatic  mode  the  deliver  current  to 

move  the  hot  and  cold  air  modulating  valves  hot  or  cold. 

7.  Opening  the  over temperature  thermostatic  switch  will  

(energize/ deenerglzO  the     relay. 

8.  The  hot  and  cold  air  modulating  valves  receive  V  DC 

and  V  AC  from  the  temperature  control  box. 

9.  The  temperature  selector  consists  of  manual   

and  a  . 

10.      The  temperature  control  box  has  a  

  feature. 

Step  12 

There  are  10  circled  numbers  on  foldout  1  that  indicate  opens  or 
shorts.    Below  ate  10  statements  indicating  troubles  in  the  air  condition 
temperature  control  system.    Read  the  trouble  statement  then  select  the 
trouble  number  that  can  cause  the  condition  given. 


1.  Manual  warm  inoperative,  automatic  warm  is  okay. 

2.   Cabin  receives  cold  air  in  automatic    but  works  normally 

in  manual. 

3.    Cabin  receives  hot  air  in  automatic,  but  works  normally 

in  manual. 
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OVERTEMP 
SWITCH 


c®4  <**     ^  CABIN  TEMP 

28VDC 


) — 

C82 


CABIN  TOKP 


AIR  CONDITION  CONTROL  PANEL 


CM  <V 

CM  N 

<  Jjf 

5  o 

«  ID 


mooc 

selector 


1  AUTO 
!  MANUAL 


RHEOSTAT 


COLD 


WARM 


CM  CM 

I  3 

s  s 

X  X 


-H525B22 


•H340B22 


-H529B22 


H53IS22 
■H532B22 
-H533B22 
-H535B22 


H575A20N 


Foldout  1.  Section  1, 


77<t<( 

Air  conditioning  system  Inoperative. 

Air  conditioning  system  Is  inoperative  in  automatic,  but 
works  normally  in  manual* 

Air  conditioning  system  rune  full  cold  in  automatic  and 
manual* 

Cabin  temperature  sensor  fan  inoperative. 

Cabin  twperature  senaor  fan  inoperative  in  manual  only* 

Cabin  temperature  senaor  fan  works  okay,  manual  and  automatic 
temperature  control  Inoperative* 

Air  conditioning  system  will  not  run  cold  in  overheat 
condition. 


15» 


W4 


AIR  TEMPERATURE 


Foldout  1.  Section  2. 
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am 


CONTROLLER 


.COOL  ♦ 


.HEAT  » 


DC 


CABIN 


o 


POWER 
SUPPLY 


103  VOC 


0  C  V 


A  UU3  T 
T 

CM 


X  E  8 


•H537A22- 


M 

i 


PI3 


z 


H559A22- 


-H56IA22  • 


I 

CVJ 

10 
X 


N373A22 


SI 

X 

J 


-H568A22- 


-H569A22- 


-H664A22 


MCM 
M 
X 


■H57IA22* 


-H567A22 


-H566A22 


CLUTCH 


CLOSE 


PI4 


HOT  AIR 
MODULATING  VALVE 


>I5 
<I0 

>I0 


PI6 

MINIMUM  FLOW 
PRESSURE  SWITCH 


OPEN 


CLUTCH 


PIS 


TURBINE  COLD  AIR 
MODULATING  VALVE 


Foldout  1.  Section  3. 
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Using  a  wiring  diagram  and  a  multimeter,  perform  an  operational 
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PROCEDURE 

A,  Remove  all  Jewelry.    Report  to  the  lab  instructor  and  inform 
him  of  the  laaaon  you  ara  working  on.    The  instructor  will  assign  you 
a  trainer  and  provide  the  necessary  materials. 

B.  This  workbook  la  in  three  sections: 

1.  Location  and  identification  of  system  components. 

2.  Air  conditioning  system  operational  check. 

3 .  Troubleshooting . 

Section  1.    Location  and  identification  of  components 

a.     Using  the  trainer  and  figure  1,  find  eacn  of  tne  num- 
bered parte.    Write  the  number  that  goes  with  the  name  of  each  of 
theee  parte  In  the  blank  space  to  the  left  of  the  name.    As  you  find 
theae  parte  follow  the  flow  of  air  from  the  engines  through  hot 
and  cold  air  systems. 


1.   Freeeure  regulator  and  shutoff  valve. 

2.   Air-to-air  heat  exchanger. 

3.   Ram  air  exit  actuator. 

4.   Cold  air  modulating  valve. 

5.   Hot  air  pressure  regulator. 

6.   Air  to  water  heat  exchanger. 

7.   Cooling  turbine. 

8.   Pre-whirl  valve. 

9.  —   Water  separator. 

10.   Turbine  bypass  valve. 

11.  -  Low  limit  control  valve. 

12.   Service  air-to-air  heat  exchanger. 

13.   Hot  air  temperature  sensor. 

14.   Hot  air  temperature  control  valve. 

15.   Bleed  air  low  pressure  switch. 


b.      Using  the  trainer  and  figure  2,  find  each  of  the  numbered 
parts.    Write  the  number  that  goes  with  the  name  of  each  of  these  parts 
in  the  blank  space  to  the  left  of  the  name.    As  you  find  these  parts 
follow  the  flow  of  air  through  the  hot  and  cold  air  systems. 

1.   Hot  air  modulating  valve. 

2.   Minimum  flow  pressure  switch. 

3.   Rata-of -change  sensor. 

4.   Cabin  overtemperature  switch. 

5.   Cabin  tamperature  sensor  and  fan, 

6.   Minimum  upstream  pressure  lagulator. 

7.   Low  ximit  sensor.  A 


) 
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*  c«  Usin*  the  trainer  and  figure  3,  find  each  of  the  numbered 

parts.  Write  the  number  that  goes  to  the  name  of  each  of  these  parts 
in  the  biank  apace  to  the  left  of  the  name. 

1.   Air  sourcu  switch. 

2.   Trainer  power  switch. 

3.   Engine  start  switches. 

4.   Temperature  selector. 

5.   Simulator  hot  air  temperature  sensor  switch. 

6.   Airspeed  switch. 

7.   Simulator  turbina  bypass  overtemperature  switch . 

B.   Engine  starter  cutout  switches. 

9._      ^  Simulator  cabin  overtemperature  switcn. 

10*   Simulator  low  limit  temperature  control  sensor  switch. 

11  •   Simulator  bleed  air  pressure  switch. 

12  •   Simulator  turbine  overtemperature  switch. 

13.  m  Mode  selector. 

14 •   Simulator  minimum  flow  pressure  witch. 

15.   Ambient  air  temperature  switch. 

16.   Temperature  control  box. 

17.   Altitude  switch. 

18.   Temperature  control  panel. 
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ANSWERS  FIGURE  1 

1.  2 

2.  14 

3.  3 

4.  5 

5.  11 

6.  15 

7.  6 

8.  9 

9.  _12  

10.  1 

11.  4 

12.  13 

13.  10 

14.  7 

15.  8 


ANSWERS  FIGURE  2 

1.  3 

2.  _2__ 

3.  6 

4.  ? 

5.  5 

6.  1 

7.  4 
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ANSWERS  FIGURE  3 

1.  15 

2.  6 

3.  _10  

4.  16 

5.  11 

6.  3 

7.  1  , 

8.  5 

9.  12 

10 .  9 

11 .  8 

12.  2 

13 .  JL4__ 

14.  4 

15 .  7 
16-.J.7  

17.  13 

18.  18 


■tVi) 

9 

ERIC 


Section  2.    Operational  check 


a.      The  following  section  contains  a  list  of  switches,  their 
location  and  the  position  the/switches  will  be  placed  before  you 
begin  the  operaticaal  check.  Softer  you  have  gone  through  the  ^.ueck 
and  you  understand  how  the  system  works,  vou  will  begin  your 
troubleshooting* 

POSITION  SWITCHES  AS  FOLLOWS 


SWITCH 

LOCATION 

POSITION 

Trainer  power  switch 

Too  C/B  oanel 

ON 

Bleed  air  pressure  switch 

Simulator  panel 

>  30  psi 

Turbine  bypass  over temp 
switch 

Simulator  panel 

<  170CF 

Turbine  over tamp  switch 

Simulator  oanel 

<  350°F 

Cabin  over temp  switch 

Simulator  panel 

<  250°F 

Hot  air  temp  sensor 

Simulato  r  oanel 

<  390°F 

Low  limit  temp  control 
sensor 

Simulator  panel 

>  -65°F 

Minimum  flow  pressure  switch 

Simulator  panel 

>  15'ppm 

Ti  juble  switches 

Left  end  of  trainer 

Down  position 

Circuit  breakers 

C/B  panel 

IN 

Main  landing  gear  switch 

Simulation  panel 

Ground 

Air  source  selector 

A/C  panel 

OFF 

RECHECK  ALL  SWITCH  POSITIONS. 


b.      Be  sure  the  air  supply  valve  (behind  the  trainer)  is  turned 
full  counterclockwise  (open).    Now  do  an  operational  check  using  the 
following  procedures. 
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SWITCH 

OPERATING  COMPONENT 

RESULT  OR  POSITION 

Ground  air  source  3Witch  ON 

=\ 

Depress  left  engine  start 
switch  momentarily 

Pressure  regulating 
valve  | 

Hot  air  temp 
control  valve 

Closed 
Closed 

Depress  left  engine  starter 
speed  cutout  switch 
momentarily 

p    ssure  regulating 
valve 

Hot  air  temp 
control  valve 

Open 
Open 

The  left  engine  is  running  so  there  is  no  need  for  tY 
source.    The  right  engine  will  be  started  with  bleed 
left  engine. 

le  ground  air 
air  from  the 

Ground  air  source  switch  OFF 

Depress  right  engine  start 
switch  momentarily 

Pressure  regulating 
valve 

Hot  air  temp 
control  /alve 

Closed 
Closed 

Depress  right  engine  starter 
overspend  cutout  switch 
momentarily 

Pressure  regulator 
valve 

Hot  air  temp 
control  valve 

Open 
Open 

Air  source  selector  to  BOTH 

Left  and  right  bl^ed 
air  check  and  shutoff 
valves 

J 

Open 

Mode  switch  to  manual 

Cabin  temp  sensor  fan 

|    Or  J 

tor  manual  -y—  operation  the  temperature  rheostat  is  moveu  .u 
cool  o°rw^a  position.  fhe  valves  operate  as  lon|  as  the  rheostat  is 
held  in  the  cool  or  warm  pr.siticm.    ine  E^oiiv  the  Far  ™st  be 

TTCD  the  manual  positions.  To  operate  manually  the 
Turned  and^eld  full  clockwise  or  counterclockwise. 


or  warm  pr  eiticm.  The  rheostat  is  sP"n£a£°^ 
petitions;    To  operate  manually  the  rheostat  oust 
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SWITCH 

OPERATING  COMPONENT 

RESULT  OR  POSITION 

Move  the  temperature  rheostat 
to  warm  and  hold  (mova  tha 
minimum  flow  almulation 
awltch  to  <  15  ppm  aftar 
cold  air  mod  valva  cloaes 
1/2  way) 

Cold  air  mcd  valve 
Hot  air  mod  valve 

1/2  closed 
Open 

With  tha  hot  air  mod  valva  opan  and  the  ccld  air  mod  valve  partially 
cloaad  tha  cabin  will  racaiva  warm  air. 

Below  10  ppm  tha  cabin  temperature  is  controlled  by  the  hot  air 
modulating  valve  ONLY,    The  cold  air  mod  valve  is  opened  below  10  ppm 
to  keep  a  supply  of  cool  air  going  to  the  electronic  equipment  and  cabin. 

Place  minimum  flow 
treasure  simulator 
to  <  10  ppm 

Cold  air  modulating 
valve 

Open 

Move  temperature  rheostat 
to  cold  and  hold 

Hot  air  modulating 
valve 

Closed 

Mova  rheostat 
to  warm  and  hold 

Hot  air  modulating 
valve  f 

Open 

With  the  Mode  switch  OFF  there  is  no  power  to  the  cold  and  hot  air 
mod  valve  actuator  and  clutches*    The  cold  air  sod  valve  is  spring 
loaded  OPEN  and  the  hot  air  mod  valve  is  spring  loaded  CLOSED. 

Mode  switch  to  OFF 

Cold  air  modulating 
valve 

Hot  air  modulating 
valve 

Open 
Closed 

Minimum  flow  pressure 
simulator  switch  to 
>  15.  ppm 

Place  mode  switch  to  AUTO 
(place  minimum  flow  press 
switch  to  <  15  ppm  after 
cold  air  modulating  valve 
closes  1/2  way) 

Cold  air  modulating 
valve 

Hot  air  modulating 
valve 

Cabin  temperature 
sensor  *an 

1/2  closed 
Open 

CN 

Tha  tenp  selector  is  in  the  warm  position  and  the  mode  switch  in 
AUTO  the  cabin  receives  warm  air. 

Mova  temperature  rheostat 

to  cool  position 

Hot  air  modulating 
valve 

Cold  air  modulating 
valve 

Closed 
Open 

Tha  hot  air  mod  valva  CLOSED  and  the  cold  air  moc 
so  only  cold  air  goes  to  cabin. 

valve  OPENED 
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Hot  ait  mod  valve 


SWITCH 

simulator  switch  to 

 t^tXoaa^  ™^iatin8 

r-sw  ™  r  valve 

2d«l.ti3r  v^v.  closes 

l^L.   l~co^Ta77mod  valve 

 J  8*ttch  drops  below 

10  SilS* tLtt  air  modulating  valve.  ^  

c0«?ll}t  did  in  MANUAL.  ______  


Hove  rheostat  to  cool 
position 

"^e^neo7tar  to  warm 

Minimum  flow  pressure 
simulator  switch  to 
1 ?5  PPm  (P^ce  minimum 

1/2  yay)  

la^vertemp  simulation 

switch  to  >  250  F 


Hot  air  mod  valve 

"Hot  air  mod  valve 
Cold  air  mod  valve 
Hot  air  mod  valve 


Closed 

Opens 
1/2  closed 
Cpen 


ait  mod  valve 


n  uw       —  i    \jU  xu  **-  -   -  *  - — —  

 — i.T^^^e  ductln8  w 

 — 

Minimum  flew  pre.suf 
simulation  svitch  to 
>  15  ppm 


Cabin  overtemp  simulation 
.fitch  to  <  250'F  (Place 
_i_iBUm  flow  pressure 
simulation  switch  to 
<  15  PPm  after  cold 
ait  mod  valve  closes 
1/2  way) 


Cold  air  mod  valve 
Hot  air  mod  valve 


2M 


SWITCH 

 m — 

OPERATING  COMPONENT 

RESULT  OR  POSITION 

Place  low  limit  temp 
control  simulating 
sensor  switch  to 
<  -650°F 

Low  limit  temp  contro1 
valve 

Open 

The  low  limit  temperature  sensor  keeps  the  water  separator  from 
freezing  by  opening.    The  low  limit  temperature  control  valve  directs 
390° F  air  into  the  water  separator  tc  melt  the  ice. 

Place  low  limit  temp 
control  simulation 
sensor  switch  to 
>  -650°F 

Low  limit  temp  control 
valve 

Closes 

When  the  ambient  air  reaches  more  than  75°F  the  CADC  opens  the 
ram  air  exit  door.    This  causes  more  air  to  cross  the  air-to-air  heat 
exchanger  increasing  the  cooling  capacity.    Also  if  the  aircraft  air- 
speed is  below  225  knots,  more  cooling  is  needed  so  the  CADC  will  open 
the  ram  air  exit  door. 

Place  ambient  air 
simulator  switch  to 

>  75*F 

Ram  air  exit  valve 

Open 

Place  amb'  it  air 
simulator    fitch  to 
<  75°F 

Ram  air  exit  valve 

Closed 

Place  airspeed 
simulation  switch 
to  <  225  knots 

Ram  air  exit  valve 

Open 

Place  airspeed 
simulation  switch 
to  >  225  knots 

Ram  air  exit  valve 

Closed 

If  the  pilot  decides  the  air  conditioning  system  is  not  putting 
out  enough  cool  air  (because  of  CADC  failure)  he  can  selec  override 
on  the  ram  area  switch.    This  OPENS  the  ram  air  exit  door  which  lets 
acre  air  cross  the  air-to-air  heat  exchanger. 
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switch 

OPERATING  COMPONENT 

RESULT  OR  POSITION 

Place  ram  area  switch  to 
OVRD  (Override) 

Ram  air  exit  valve 

Open 

Place  ram  area  switch 
to  normal 

Ram  air  exit  vaive 

Closed 

Place  bleed  air  pressure 
simulation  switch  to 

<  30  psi  and  altitude 
simulation  switch  to 

<  10,000  ft. 

Simulated  turbine 
byrass 

Open 

During  certain  flight  modes,  such  as  landing  the 
are  operated  at  a  reduced  power  setting.    This  results  in  lower  bleed 
sir  pressures  in  the  bleed  air  manifold.    To  assure  an  adequate  flow  of 
air  tt£u*h  the  air  conditioning  system,  the  turbine  bypass  valve  OPENS 
CfaL  bleed  air  pressure  is  below,  30  Psi  and.  aircraft  altitude  is  below 
10 r 000  ft. 

Place  bleed  air  pressure 
simulation  switch  to 

>  30  psi  and  altitude 
simulation  switch  to 

>  10,000  ft. 

Simulated  turbine 
bypass 

Closed 

Section  3.  Troubleshooting 

a.  The  AFTO  Forms  781A  and  349  will  be  filled  out  during  trouble- 
shooting.   Get  the  forms  from  your  instructor.    The  trouble  switch 
number/are  placed  in  the  discrepancy  block      Put  corresponaing 
trouble  switch  to  the  ON  position  on  the  trainer.    Make  an  operational 
check  and  find  the  malfunction.    Write  the  malfunction  in  the  dis 
crepancy  block . 

b.  Troubleshoot  the  system  and  write  the  wire  number  or  part  that 
is  bad  in  the  corrective  action  block.    Also,  write  ^corrective 

towing    S£.r  SSSl^S         ~  nSSA?««. 

DISCREPANCY ,  DISCOVERED  BY,  CORRECTIVE  ACTION ,  CORRECTED  BY,  and 
DATE  CORRECTED. 

c.  When  you  have  completed  troubleshooting.  -™^*^™**X 
check  your  answers.    The  instructor  will  assign  one  of  the  problew 

or  the  781A  for  completion  of  the  AFTO  Form  349.    Turn  the  completed 
AFTO  Forms  781A  and  349  in  to  your  ir  ,tructor. 
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^3/3  Information  necessary  for  the  completion  of  AFTO  Form  349: 
ITEM 


JOB  CONTROL  NO. 

WORK  CENTER  / 

I.  D.  NO/SERlAt  NO. 

PRI. 

LOCATION 
TYPE  MAI NT. 
WHEN  DISC. 


1265578 

M3360 

MA  9767 

2A 

B2 

B 

In  Flight-No  abort 


J 
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Environmental/Pneudraulic  Branch  3ABR42331-WB-309B 
Chanute  AFB,  Illinois  2  January  1979 


FUNCTIONAL  CHECK  OF  AIR  CONDITIONING  SYSTEM 


OBJECTIVE 


Using  a  schematic  diagram,  source  of  hot  pressurized  air,  and 
the  fighter/bomber  environmental  systems  capsule,  perform  an 
operational  check  and  troubleshoot  the  system  locating  the  cause  of 
4  of  5  malfunctions  given « 

EqulPMiUT 

Basis  of  Issue 
CT-5  Trainer  1/4  students 

Ear  Protectors  1/student 

PROCEDURE 

You  a^  to  make  a  functional  check  of  an  air  conditioning  system. 
This  check  is  made  to  be  sure  that  the  parts  in  the  system  are  operating 
normally.    To  help  you  do  this,  the  instructor  will  have  you  use  figure 
1  to  trace  the  flow  of  air  through  the  system  under  various  conditions. 

Note:    You  will  need  to  get  in  the  cockpit  of  the  trainer.  Do 
not  move  the  switches  or  controls  unless  directed  to  do  so. 
Remove  all  jewelry. 

STEP  1: 

Below  is  a  list  of  controls  and  parts  of  the  system.    Get  in  the 
cockpit  and  use  the  list  to  find  the  parts     As  each  part  is  found, 
put  a  checkmark  in  the  blank  space. 

 I.      Temperature  control  panel.    Look  at  the  center  console 

between  the  seats. 

 2.      Defog  lever.    Look  on  the  right  console. 


_3.  Air  conditioning  outlets.  Look  in  the  center  and  top  of 
the  cockpit  and  at  about  shoulder  high  on  the  outside  of 
each  seat. 

_4.      Ram  air  door.    Look  on  the  outside  of  the  cockpit  below 
the  right  hatch,  near  the  steps. 


STEP  2: 

It's  now  time  to  prepare  the  capsule  for  an  operational  check. 
Follow  the  checklist  below.    Be  sure  to  read  each  step  carefully. 
As  each  step  is  completed,  put  a  checkmark  in  the  blank  space. 

1.      Locate  the  two  electrical  cords  on,  the  F-lll  capsule. 
Plug  these  cords  into  the  wall  outlets. 


Supersedes  3ABR42231-WB-3H     "  November  1975. 
OPR:    :3370  TCHTG 
DISTRIBUTION:  X 

3370TCHTG/TTGU-P  -  500;  TTVSA  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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_2.      Locate  the  F-lll  switch  on  the  bleed  air  shutoff  valve 

control  panel.    Place  this  switch  to  the  closed  position. 

JJ.      Locate  the  F-lll  power  switch  on  the  front  of  the  trainer. 
^   Place  this  switch  to  the  ON  position. 

Note:  To  perform  an  operational  check  on  the  air  conditioning 
system  we  need  a  source  of  hot  pressurized  air.  For  this  test 
we  will  use  a  MA-1A  ground  air  cart. 

_4.      Go  to  room  108.    Take  a  headset  off  the  rack  on  the  left 
side  of  the  room. 

SAFETY  STEP:    Due  to  exce'  ^.ve  noise,  ear  protectors  must  be 
worn  while  operating  the  MA-1A. 

_5.      Locate  the  bleed  air  shutoff  valve  switch  (above  the 
window).    Place  this  switch  to  the  close  position, 

_6.      Go  outside  and  prepare  the  MA*1A  for  starting. 

a.  Check  for  fuel. 

b.  Remove  the  protective  covering. 

c.  Check  for  oil. 

d.  Unwrap  the  ground  hose  and  lay  it  out  flat  along  the 
ground  (pointed  away  from  the  control  panel). 

e.  Connect  the  battery. 

f.  Open  the  vents.    Make  sure  the  limit  switch  on  the 
front  vent  is  in  place. 

g.  Open  the  control  panel. 

h.  Check  the  maintenance  forms. 

J.      You  are  now  ready  to  "blow  out  the  hose."    This  is  done  to 

insu  »  no  foreign  matter  is  in  the  hose.  Place  your  headset 
over  j  mx  ears  at  this  time. 

a.  Place  the  master  run  switch  to  the  run  position. 

b.  Place  the  start  switch  to  the  on  position  for  about 
10  seconds,  then  let  go. 

c.  Place  the  output  air  switch  to  the  on  position  when  the 
output  air  light  comes  on. 

3.      After  about  30  seconds,  place  the  output  air  switch  to  the 
off  position. 

9.      Now  connect  the  hose  to  <:he  receptacle  on  the  wall, 

10.      Or.  e  the  hose  is  secured,  step  away  from  "he  hose  and 
place  the  output  air  switch  back  to  the  on  position. 

n.      Go  back  to  room  108  and  place  the  bleed  air  shutoff  valve 
switch  to  the  open  position*    Also,  place  your  headset 
back  on  the  rack.  e 

12.      Return  to  room  106  and  place  the  F*lll  #wltch  to  the  open 
position. 
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 13.      Remove  one  headset  per  person  from  the  gray  locker. 

 ^14.      You  ara  now  ready  to  begin  the  operational  check. 

STEP  3: 

Table  1  is  the  operational  checklist  for  the  air  conditioning 
system.     It  must  be  followed  step-by-step.    Use  this  checklist  to 
make  a  functional  check  of  the  system. 

STEP  A: 

Now  that  you  have  made  the  functional  check  you  should  be 
familiar  with  the  normal  operation  of  the  system.    The  instructor 
will  now  put  some  malfunctions  in  the  system.     Use  table  1  and  again 
make  a  functional  check.    This  time  you  roust  correctly  identify  4 
of  5  malfunctions.    When  you  find  a  problem,  tell  the  instructor  as 
to  what  it  is  and  its  most  probable  cause. 

STEP  5:  |  v 

Shutdown  procedures: 
 1.      Place  the  F— 111  switch  to  the  closed  position. 

 2.      Place  the  F-lll  power  switch  to  the  off  position. 

 3.      Unplug  and  stow  your  headset. 

 4.      Go  to  room  103  and  place  the  bleed  air  shutoff  valve  switch 

to  the  closed  position. 

 5.      Place  a  headset  from  room  108  over  your  ears. 

6.     .Go  outside  to  the  control  panel  on  the  MA-1A. 

 7.      Place  the  output  air  switch  to  the  o2f  position. 

 8.      When  the  output  air  p^ze  reaches  zero,  place  the  master 

run  switch  to  the  ■  position. 

9.      After  the  turbine  stops  spinning,  close  the  vents. 

SAFETY  STEP:    The  outlet  vent  may  still  be  HOT.    Be  careful 
when  closing  this  vent. 

 10.  Unplug  the  battery. 

 11.  Place  the  hose  back  in  the  original  position. 

_      12.  Place  the  protective  covering  back  over  the  MA-1A. 

 _13.  Go  back  to  room  108  and  return  your  headset  to  the  rack. 

14.      Rejourn  to  room  106  and  wrap  all  electrical  cords  around 
the  hook  located  in  front  of  the  capsule. 

 15.      You  are  now  ready  to  fill  out  your  data  collection  forms. 

The  instructor  has  listed  on  an  AFTO  Form  781A  the  mal- 
functions he/she  had  you  troubleshoot  earlier.  Document 
one  of  these  on  an  AFTO  Form  349  and  have  the  instructor 
check  your  entries.  ^ 
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TABLE  I 
OPERATIONAL  CHECKLIST 


STEP 

CONTROL 

POSITION 

RESULT 

1 

AIR  SOURCE 
SWITCH 

Move  to  LEFT,  RIGHT, 
then  to  BOTH 

Airflow  should  come  from  the  air  conditioning  outlets 
in  EACH  SWITCH  position 

2 

MODE  SWITCH 

Manual 

3 

TEMPERATURE 
SELECTOR 

Hold  to  the  MANUAL 
HARM  POSITION 

Air  from  the  air  conditioning  outlets  should  become  WARM 

4 

TEMPERATURE 

SELECTOR 

Bold  to  the  MANUAL 
COOL  POSITION 

Air  from  the  air  conditioning  outlets  should  become  COOL 

5 

MODE  SWITCH 

AUTOMATIC 

None 

6 

TEMPERATURE 
SELECTOk 

AUTOMATIC  WARM 

Air  from  the  air  conditioning  outlets  should  become  WARM 

7 

TEMPERATURE 
SELECTOR 

AUTOMATIC  COOL 

Air  from  the  air  conditioning  outlets  should  become  COOL 

8 

TEMPERATURE 

SELECTOR 

As  needed  to  obtain 
COMPORT  in  the  CABIN 

A  COMFORTABLE  TEMPERATURE  should  be  maintained 

9 

AIR  SOURCE 
SWITCH 

RAM 

COLD  airflow  to  the  CABIN  should  STOP.    RAM  AIR  DOOR 
should  OPEN 

10 

 i 

AIR  SOURCE 
SWITCH 

OFF 

ALL  air  flow  to  the  CABIN  should  STOP,  RAM  AIR  DOOR  should  I 
CLOSE « 

i 
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This  conpletes  ths  operational  check.    Place  the  following  switches  In  the  position  listed 


AIR  SOURCE 

SWITCH 

OFF 

BAM  AIR  EXIT 

SWITCH 

NORMAL 

MODE  SWITCH 

OFF 

*» 
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DO  NOT  USE  ON   THE  JOB 


FOREWORD 


This  programmed  text  was  designed  for  use  in  the  3ABR42231  course 
The  text  has  been  validated  using  32^  students  from  the  subject  course. 
Ninety  percent  of  the  students  taking  this  text  surpassed  the  criteria 
called  for  in  the  approved  lesson  objectives.     The  average  student 
required  3^  hours  to  complete  this  lesson. 

OBJECTIVES 

After  completion  of  this  programed  text,  you  will  be  able  to: 

1.  Identify  windshiexd  clearing  system  components  and  their 
function. 

2.  Explain  operation  of  the 

a.  right  and  left  rain  removal  valves. 

b.  ejector  valve.  — . 

c.  overheat  thermal  switch. 

3.  Explain  operation  of  the 

a.  right  and  left  windshield  wash  shutoff  valve. 

b.  pressure  regulating  valve. 

Standard  of  performance: 

Correctly  identify  purpose  and  function  of  system  components 
with  70%  accuracy. 

INSTRUCTIONS 

This  programmed  text  gives  information  in  small  seeps  called 
"frames.11  After  each  frame  you  are  asked  to  complete  a  statement 
or  determine  the  answer  to  a  questiun.  Read  the  material  presented 
and  make  your  response  as  directed.  DO  NOT  MARK  IN  THIS  TEXT.  After 
you  havv  made  your  response,  compare  your  answer  with  the  correct 
answer  given  above  the  following  frame.  If  necessary,  you  may  go 
back  to  check  information  previously  given,  but  do  not  skip  ahead. 


Supersedes  3ABR42231-PT-31 0,  3  August  19/3. 
OPR:  TAS 
DISTRIBUTION:  X 
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The  windshield  clearing  system  is  made  up  of  two  small  '.yf*t«-\, 
(1)   the  rain  removal  system  and  (2)   the  windshield  wash  system.  ih< 
rain  removal  system  will  keep  the  windshield  free  of  rain  so  the  piK>  *  . 
view  is  not  obstructed.     The  windshield  wash  system  is  used  to  rt-i;rjv«r 
film,  insects,  and  foreign  material.     In  this  text  each  system  will  be 
discussed  separately  ,Jthen  how  they  work  together. 


Answer  the  statements  as  true  (T)  or  false  (F). 

1.  Two  smaller  systems  make  up  the  windshieLd  clearing  system. 

2.  Hie  rain  renoval  system  keeps  the  windshield  free  of  rain. 

3.  Insects  on  the  windshield  are  removed  by  the  windshield  wash 


syst  em . 
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Figure  1. 
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CORRECT  RESPONSES  TO  FRAME    2 


3. 


Frame  2 


The  rain  removal  system  directs-s-blast  of  hot  air  over  the 
windshield.     The  hot  air  is  sent  through  ducts  to  two  ram  "moval 
shutoff  valves.    When  these  valves  are  opened    air  is  directed  through 
f1vPd  nozzles      The  nozzles  are  found  at  the  front  of  each  windshield, 
agureT    X;  rain  removal  nozzles  have  long  slots      These  slots 
discharge  air  in  an  upward  direction  across  the  windshield.  The 
slots  are  open  and  wiU  collect  rain  when  the  system  is  not  in  operation, 
A  gravity  water  drain  is  put  in  the  nozzles  to  keep  water  from  accumu- 
ttZ  in  the  air  supply  ducts  and  nozzle  assembly.    The  water  drain 
nas  a  spring  type  diaphragm  that  wiU  shut  off  during  noz.le  operation. 
This  is  to  stop  hot  air  leakage. 

Complete  the  statements, 

1       Air  for  rain  removal  is  taken  from  the   .  „   _  


2. 
3. 


system. 
There  are 


The  

shutoff  valves. 

The  drain  assembly  :.s 


rain  removal  shutoff  valves, 
receive  air  directly  from  the  rain  removal 


operated , 
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CORRECT  RESPONSES  TO  FRAME  2:     1.  Hot  «ir      2.  Two      3.  Nozzles 


Look  at  figure  2.    Air  for  rain  removal  comes  from  the  hot  air 
system.    The  hot  air  system  temperature  is  controlled  at  39C°F. 
Temperature  is  controlled  by  a  mix  of  cool  air  from  the  air-tc-air 
heat  exchanger  (1)  with  hot  air  from  the  hot  air  temperature  control 
valve  (2)  at  point  A.     This  air  is  kept  at  a  pressure  or  A5  psi  by 
the  hot  air  pressure  regulator  (3) .    When  the  rain  removal  system 
is  operated,  a  large  flow  of  air  is  required  to  maintain  <5  psi  and 
control  the  temperature  at  390°F.     This  will  cause  an  additional 
cfemand  on  the  air-to-air  heat  exchanger  to  cool  the  air.     To  fix 
this  problem  an  additional  set  of  ejector  nozzles  (A)  and  an  ejector 
valve  (5)  are  used,    tfhen  the  rain  removal  system  is  turned  on  the 
ejector  valve  will  open.     Air  will  pass  through  the  ejector  nozzles 
and  make  a  low  pressure  area  in  the  ram  air  duct.     The  low  pressure 
area  is  downstream  of  the  heat  exchanger.    The  result  is  an  increase 
in  ram  air  flow  across  the  heat  exchanger. 

Complete  the  statements. 

1.      The  ejector  valve  will  increase  the  effectiveness  of  the 


2.  The   is  ope^  during  rain  removal 

operation. 

3.  The  temperature  of  the  air  used  for  rain  removal  is   

A.      The  pressure  of  the  air  used  for  rain  removal  is  . 


4.  Gravity 


Frame  3 


# 
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Figure  3. 
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CORRECT  RESPONSES  TO  FRAME  3,     1.  Heat  exchanger      2.  Ejector "valve 


3.  390° F      A.  A5  psi 


Frame  A 


There  are  two  rain  removal  valves  and  a  bleed  air  ejector  valve. 
The  three  valves  are  solenoid  controlled,  pneumatically  actuated 
shutoff  valves.     They  are  opened  by  placing  the  windshield  selectOL 
switch  (figure  3)   to  the  L  (left),  R  (right),  or  BQTH  positions.  The 
rain  removal  switch  must  be  in  the  RAIN  REMOVAL  position  for  the  system 
to  work.    When  the  rain  removal  switch  is  in  RAIN  REMOVAL,  the  solenoids 
of  the  rain  removal  shutoff  valves  and  the  bleed  air  ejector  shutoff 
valve  are  energized.     This  will  cause  the  valves  to  iJpen  pneumatically. 
The  rain  removal  shutoff  /alves  can  be  closed  in  two  ways.    The  first 
way  is  to  place  the  rain  removal  valve  switch  to  the  OFF  position. 
This  will  also  close  the  bleed  air  ejector  valv~.    The  other  way  is 
by  the  windshield  thermal  overheat  switch;    The  switch  is  normally 
open  and  is  found  in  the  hot  air  supply  duct.     It  is  upstream  of  the 
rciin  removal  shutoff  valves.    When  in  normal  operation  and  the  air 
temperature  gets  above  445°F,  the  windshield  thermal  overheat  switch 
will  close.     This  will  cause  the  overheat  relay  to  energize  and  the 
WINDSHIELD  HOT  lamp  in  the  cockpit  will  light.    The  solenoids  of  the 
rain  removal  valves  will  be  deenergized  and  cause  the  valves  to  close. 
When  there  is  an  overheat  condition,  the  bleed  air  ejector  valve  will 
stay  open.     This  will  cause  greater  cooling  through  the  air-to-air 
heat  exchanger.    The  purpose  is  to  return  the  hot  air  system 
temperature  to  normal.    ;nien  the  temperature  drops  below  A45°F  the 
rain  removal  system  will  work  normally  again. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  rain  removal  shutoff  valves  are  opened  by  the  WINDSHIELD 
— ~       CLEAR  BUTTON. 

2.  There  are  two  means  of  closing  the  rain  removal  shutoff  valves. 

3.  The  secondary  means  of  closing  the  rain  removal  shutoff  valves 
— ~-        is  to  place  the  rain  removal  switch  to  OFF. 

4.  The  overheat  switch  sends  power  to  close  the  rain  removal 
~    ~~       shutoff  valves  at  390°F. 
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CORJRECT  RESPONSES  TO  FRAME  4:     1.  ____F_      2        T  _      3.       F_      4.  F 


Frame  5 


The  second  part  of  the  windshield  clearing  system  is  the  windshield 
wash  system.     The  windshield  wash  system  will  operate  during  landing, 
taVedff ,  and  when  the  aircraft  is  waiting  foi   takeoff.     The  windshield 
wash  and  rain  removal  systems  must  not  he  used  at  supersonic  speeds. 
Poor  air  conditioning  and  overtemperatur^  conditions  could  exist 
due  to  high  bleed  air  temperatures . 

Answer  the  statements  as  true  (T)  or  false  (F) . 

 1.     The  windshield  wash  system  is  designed  for  operation  during 

takeoff . 

 2,    The  wash  system  may  be  operated  at  any  time. 

 3v     The  windshield  wash  is  a  part  of  the  windshield  clearing  system. 
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Both  the  windshield  wash  and  rain  removal  systems  are  used  to  wash 
the  windshield.  The  windshield  wash  system  will  send  the  wash  solution 
to  the  /iiidshield  at  15  psi  pressure.  This  pressure  will  not  be  enough 
to  force  the  solution  over  the  entire  windshield.  Pressure  from  the 
rain  removal  system  is  used.  A  blast  of  45  psi  of  hot  air  from  the 
rain  removal  nozzles  will  force  the  solution  over  the  whole  windshield. 
The  mix  of  the  hot  a5r  and  wash  solution  will  make  the  cleaning  action. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  windshield  wash  system  does  operate  with  the  rain  removal 
system. 

2.  A  flow  of  air  across  the  windshield  wash  nozzles  draws  the 
wash  solution  onto  the  windshield. 

3.  The  windshield  w3sh  system  needs  the  air  used  for  rain  removal 
fcr  operation. 

4.  The  rain  removal  sysL2m  and  windshield  wash  system  operate  at 
the  same  time. 


m  f 

CORRFCT  RESPONSES  TO  FRAME  5: 
CORRECT  RESPONSES  TO  FRAME  6: 
Frame  7 

Look  at  figure  4.    The  wash  solution  is  scored  in  a  one  gallon  tankt 
To  force  the  solution  to  the  windshield  wash  nozzles,  pressure  is  applied 
to  the  top  of  the  solution  in  the  tank.    Air  for  head  pressure  Is  taken 
downstream  of  the  service  air-to-air  heat  exchanger.    This  air  is 
regulated  to  15  psi  by  a  pressure  regulating  valve.    The  air  goes 
through  a  check  valve  (A)  and  to  the  wash  solution  tank.    A  20  psi 
safety  relief *valve  (B)  will  keep  pressure  from  building  up  too  high, 
should  the  pressure  regulator  fail.     The  washing  action  is  caused  by 
selecting  L,  R,  or  BOTH  on  the  windshield  selector  switch.    The  rain 
removal  switch  must  also  be  placed  in  the  wash  position.    When  this 
happens,  28V  DC  is  se to  the  windshield  wash  shutoff  valves  (C)  and 
the  rain  removal  shutoff  valyes  that  will  cause  thera  to  open.  Once 
either  or  both  of  the  windshield  wash  valves  are  open,  the  head 
pressure  forces  the  wash  solution  through  tubing  to  the  nozzles. 
The  45  psi  used  for  rain  remcval  will  then  force  the  wash  solution 
on  the  windshields  for  cleaning.    When  the  rain  removal  switch  is 
put  to  WASH,  a  time  delay  relay  is  energized.    This  timer  allows 
the  windshield  wash  system  to  operate  for  5  seconds.     If  the  pilot 
wants  more  cleaning,  the  rain  removal  switch  must  again  be  put  to 
the  WASH  poMtion. 

Answer  the  statements  c.s  true  (T)  or  false  (F) . 

 1.     The  wash  solution  is  stored  in  a  one  gallon  tank. 


2.  Th±  head  pressure  of  the  tank  is  normally  15  psi. 

3.  Only  one  side  of  the  windshield  can  be  cleared  at  a  time. 


4.  The  45  psi  used  for  rain  removal  is  also  used  with  the  windshield 
wash  system. 

5.  The  timer  relay  allows  the  windshield  wash  system  to  operate  for 
5  seconds. 
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Figure  4. 
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CORRECT  RESPONSES  TO  FRAME  7:     1.  „_T_      2.  T_      3.  _X 


5. 


Frame  8 

The  windshield  selector  switch  w^ll  allow  the  selection  of  l,  R,  or 
BOTH  windshields  for  wash  or  rain  ^enoval.     The  rain  removal  and  windshield 
wash  valves  are  energized  open.    When  the  selector  switch  is  put  to  the 
L  position  (figure  5A)  a  can  on  the  bottom  of  the  switch  is  forced  to 
the  left.    This  will  open  the  contacts  for  power  to  the  right  rain  removal 
and  windshield  wash  valves.    The  same  procedure  happens  when  R  is  selected 
(figure  5B).    When  BOTH  is  selected  (figure  5C)  the  cam  will  stay  in  a 
neutral  position  and  will  allow  the  circuits  for  both  rain  removal  shutoff 
valves  to  be  completed. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

_     1.    Positioning  the  windshield  selector  svitch  to  R  breaks  the  power 
"~~  circuit  to  th3  left  windshield  wash  and  rain  removal  valve. 

2.  Positioning  the  windshield  selector  switch  to  BOTH  breaks  the 
power  circuit  to  the  left  and  right  windshield  wash  and  rain 
removal  valves. 

3.  Positioning  the  windshield  selector  switch  to  the  L  position 
~       completes  the  circuit  for  the  left  windshield  wash  and  rain 

removal  valves,  when  the  rain  removal  switch  is  in  rain  removal. 
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(A) 


BOTH 


TO  RT 
R.  R.  S/O/V 


FROM  FROM 
RT.    C/B  LT.  C/B 


TO  LT. 
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(B) 


BOTH 


TO  RT 
R.R.  S/O/V 


FROM  FROM 
RT    C/B  LT.  C/B 


TO  LT. 

R.R  S/O/V 


BOTH 


(C) 


TO  RT. 
R.R.  S/O/V 


TO  LI 

R  R.  S/O/V 


FROM  FROM 
RT.     C/B  LT  C/B 


Figure  5. 
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Environmental/Pneudraulic  Branch 
Chanute  AFB,  Illinois 


3ABR42331-WB-311A 
21  January  1976 


FIGHTER / BOMBER  WINDSHIELD  CLEARING  SYSTEM 

OBJECTIVE 

Given  a  wiring  diagram  and  a  workbook  covering  the  rain  removal 
and  windshield  wash  system,  determine  operation  by  tracing  circuits 
and  analyzing  selected  malfunctions.    From  a  list  of  statements  and 
responses,  select  70Z  of  the  responses  correctly. 

EQUIPMENT 

Basis  of  Issue 
Box  of  colored  pencils  1/student 

PROCEDURE 

Turn  to  foldout  1.    This  is  the  wiring  diagram  of  the  windshield 
clearing  system*    Use  the  colored  pencils  and  the  instructions  given 
in  each  step  to  trace  the  circuits.    Foldout  1  will  be  used  for  each 
step  in  the  project. 

Step  1 

Use  a  red  pencil  to  trace  the  following  circuits.    Start  at  CB10, 
and  trace  wire  H401A22  to  pin  H  on  the  control  panel.    From  there, 
trace  the  wire  to  junction  U.    At  junction  U  the  circuit  parallels 
to  4  on  the  right  windshield  selector  switch  and  to  XI  of  the  XKl  relay. 
This  is  the  CB10  circuit.    Start  at  CB11  and  trace  wire  H402A22  to  pin 
J  on  the  control  panel.    From  there,  trace  the  wire  to  3  on  the  left 
of  the  windshield  selector  switch,  and  stop.    This  is  the  CB11  circuit. 
Start  at  CB12  and  trace  wire  H400A22  to  pin  A  of  the  windshield  over- 
heat thermal  switch.    Go  to  CB12  again  and  trace  wire  H400B22  to  pin  K 
of  the  control  panel.    From  there,  trace  this  wire  to  A2  of  the  XK2 
relay.    This  completes  the  main  "power"  circuits  (CB10,  CB11,  CB12). 

Step  2 

The  reason  for  not  tracing  to  the  coil  of  the  XKl  relay  is 
because  the  coil  does  not  normally  have  a  ground.    XKl  relay  has  a 
ground  just  when  the  TD  relay  is  energized.    This  ground  wire  goes 
to  the  relay  and  is  hooked  to  a  box  marked  TD.    Another  wire  comes 
out  of  this  box  and  the?:  goes  to  F2.    TD  is  for  "TIME  DELAY".  The 
"TIME  DELAY"  circuit  is  just  closed  for  5  seconds.    For  the  time  this 
circuit  is  In  operation,  the  switch  below  the  coil  is  pulled  to  the 
right  to  make  a  circuit  through  the  coil  to  X2  and  then  to  ground. 
This  action  will  make  a  ground  for  the  coil.    The  power  that  was 
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at  XI  now  has  a  ground  and  will  energize  the  coil  that  will  draw  the 
upper  contacts  down.    After  5  seconds  the  switch  moves  to  its  original 
position  and  again  the  coil  has  no  ground.    The  contacts  above  the 
coil  will  also  move  back  to  their  original  positions.     This  5  second 
delay  is  used  to  control  the  windshield  wash  cycle. 

Step  3 

The  next  circuit  In  for  rain  removal  action  over  both  windshields. 
Use  a  blue  pencil  to  traca  this  circuit.    The  power  circuits  have 
already  been  traced  to  3  and  4  of  ti>e  windshield  selector  switch. 
Trace  from  3  through  the  swicch  to  the  wire  junction.    From  the  junction 
trace  to  the  right  of  A2  and  B2  of  relay  XK1.    Relay  XK1  is  deenergized. 
Go  back  to  the  junction  and  trace  to  the  left  and  to  the  next  junction. 
From  this  junction  follow  the  wire  through  the  coil  of  relay  XR-1.  Show 
the  contacts  energized.    From  the  last  junction  traced,  go  to  the  left 
and  show  power  at  the  lower  contact  of  the  windshield  and  rain  removal 
switch.     The  rain  removal  switch  has  been  placed  to  RAIN  REMOVE.  Power 
goes  through  the  lower  switch  to  the  upper  contact  and  then  to  the 
second  junction.    From  this  junction,  power  goes  to  the  left  to  contact 
Al.    Keep  in  mind,  XK3  relay  has  been  energized,  so  draw  ir  the  circuit 
from  Al  to  A2.    From  there,  trace  to  the  bleed  air  ejector  valve  and 
then  to  ground.    Return  to  the  junction  connected  to  Al.    Go  up  a  little 
to  find  another  junction.    From  here  trace  power  to  B2  of  relay  XK2. 
Since  this  relay  is  not  energized,  trace  power  to  B3  of  relay  XK2  and 
then  to  P  of  the  control  panWl.     From  here  trace  power  to  the  right 
rain  xemoval  shutoff  valve  and  then  to  ground.    The  right  rain  removal 
shut off  valve  is  now  open. 

Step  4 

Th;?  circuit  through  the  left  windshield  selector  switch  has  been 
drawn.    Trace  power  from  4  on  the  right  windshield  selector  switch 
to  the  wire  junction.    Go  to  the  right  and  show  power  at  switches  C2 
and  D2  of  the  XK1  relay.    Go  back  to  the  junction  and  trace^to^ie  left 
and  to  the  upper  contact  of  the  rain  removal  switch.    The  rain  removal 
switch  is  in  RAIN  REMOVE,  so  trace  to  the  upper  contact.    From  here 
trace  to  the  first  junction  and  down  to  the  next  junction.    From  here 
to  the  right  and  to  the  left  rain  removal  shutoff  valves,  and  then  to 
ground.    The  left  rain  removal  shutoff  valve  is  now  open.    This  complete 
the  entire  circuit  when  the  rain  removal  switch  is  placed  to  RAIN  REMOVE 
and  the  windshield  selector  switch  is  placed  to  BOTH. 

Step  5 

The  following  circuit  will  show  how  both  windshields  are  washed. 
Use  a  GREEN  pencil  to  trace  this  circuit.    The  power  circuits  (in  red) 
have  been  traced  to  3  and  4  of  the  windshield  selector  switch.  Start 
al  3  of  the  left  switch,  trace  to  the  wire  junction.    From  the  wire 
junction,  go  to  the  right  and  show  power  at  A2  and  B2  of  the  XK1 
relay-    Go  to  the  left  of  the  junction  to  the  next  junction.  From 
this  point,  trace  the  wire  ^hat  goes  down.    Trace  it  to  the  coil  of 
the  XK3  relay  and  then  to  ground.    Draw  the  contacts  down.    Go  back 


to  the  la^t  junction  and  continue  to  the  left  to  the  windshield  wash 
and  rain  removal  switch.    For  the  circuit  to  wash  both  windshields, 
trace  from  the  lower  switch  to  the  lower  contact,  from  the  lower 
contact  to  Bl  of  the  XK3  relay.    This  relay  is  energized.    Trace  from 
Bl  to  B2  of  the  XK3  relay.    From  XK3  relay  to  F2  of  the  XK1  relay. 
Keep  in  mind  what  the  TD  represents.    If  not,  go  back  and  refresh  your 
memory.    From  F2  of  XK1,  power  will  go  in  the  box  marked  TD,  then  out 
the  other  side  to  X2  and  then  to  ground.    This  is  the  time  delay  circuit 
that  holds  for  5  seconds.    Circuit  power  can  now  go  from  XI  of  the  XK1 
relay  through  the  coil  to  ground.    This  action  energizes  the  XK1  relay. 

Step  6  '1 

^ittth  the  XK1  relay  energized,  the  contacts  are  forced  down. 
Power  tHat  is  at  A2  and  B2  can  now  cause  current  to  flow.    Trace  from 
A2  to  Al  and  from  Al  to  M  of  the  control  panel,  then  to  the  right 
windshield  wash  shutoff  valve  and  to  ground.    Trace  from  B2  to  Bl  of 
the  XK1  relay,  then  from  Bl  to  the  first  junction.    From  the  junction 
trace  to  the  IdLt  to  Al  of  the  XK3  relay.    This  relay  is  energized. 
Go  from  Al  to  A2  to  G  of  the  control  panel.    From  G,  trace  to  the 
bleed  air  ejector  valve  then  to  ground.    Go  back  to  the  last  junction 
that  led  to  Al  of  the  XK3  relay     From  here  go  up  to  the  next  junction. 
From  this  junction  go  to  the  right  to  B2  of  the  XK2  relay.    This  relay 
is  not  energized.    Go  ::rom  B2  to  B3  then  on  to  P  of  the  control  panel. 
From  P  of  the  control  panel,  trace  to  the  right  rain  removal  shutoff 
valve  then  to  ground.    This  completes  the  circuit  just  for  the  right 
side. 


Not/  trace  the  circuit  that  will  show  operation  of  the  left  side 
of  the  rain  removal  system.    Start  at  A  and  trace  through  the  right 
switch,  down  to  the  first  junction.    From  the  junction  go  down  to  C2 
and  D2  of  the  XK1  relay.    The  coil  of  this  relay  is  energized.  Trace 
from  C2  to  CI  and  to  the  next  junction.    From  this  junction  go  to  the 
right  to  G2  of  the  XK2  relay.    This  relay  i£  not  energized.    Trace  from 
C2  to  C3  then  to  N  of  the  control  panel.    From  N,  trace  toi  the  rain 
removal  shutoff  valve  and  to  ground.    Go  back  to  D2  of  the  XK1  relay 
and  trace  from  D2  to  Dl  and  then  to  L  of  the  control  panel.    From  L, 
trace  to  the  left  windshield  wash  shutoff  valve.    This  circuit  is  now 
complete.    Both  windshields  are  now  being  washed.    Keep  in  mind,  the 
time  delay  (  T»  of  the  XK1  relay  is  just  for  5  seconds.    When  this 
time  is  up,  the  coil  of  the  XK1  will  not  have  a  ground.    With  no  ground 
the  relay  deenergizes  and  pushes  the  contacts  up.    This  action:  (a) 
closes  the  right  windshield  wash  shutoff  valve;  (b)  closes  the  right 
rain  removal  shutoff  valve;  (c)  closes  the  left  rain  removal^ shutoff 
valve  and  (d)  closes  the  left  windshield  wash  shutoff  valve.  " 


Step  7 


3 


504 


Step  8 


Both  the  windshield  v;ash  and  the  windshield  rain  removal  systems 
are  on  the  wiring  diagram.    The  last  circuit  that  will  be  shown  is 
the  windshield  overhec *  circuit.    Use  a  black  pencil  for  this  circuit. 
If  the  temperature  of  the  air  is  more  than  445°F,  due  to  too  much  hot 
air  in  the  supply  system,  then  the  normally  open  windshield  overheat 
thermal  switch  will  close.    This  action  will  make  a  circuit  from  B  of 
the  overheat  switch  to  the  coil  of  XK2  relay.    When  this  happens  the 
contacts  are  pulled  down.    This  breaks  the  circuit  to  the  right  rain 
removal  valve  at  B3  of  the  XK2  relay.    Energizing  thi3  relay  will  also 
cut  power  to  the  left  rain  removal  shutoff  valve.    The  energized  relay 
will  also  complete  a  circuit  from  A2  to  Al  of  the  XK2  relay,  to  the 
WINDSHIELD  HOT  caution  light  in  the  cockpit.    When  the  temperature  of 
the  air  is  less  then  445°F,  the  thermal  switch  opens.    The  system 
returns  to  normal  operation. 

Step  9 

There  are  10  circled  numbers  on  foldout  1  that  indicate  opens  or 
shorts  in  a  circuit.    Below  are  10  statements  of  troubles  in  the  wind- 
shield clearing;  system.    Read  the  statement  and  select  the  trouble 
number  that  could  cans*,  the  conditions  given. 

1.  .  Windshield  wash  system  inoperative. 

2.  .  Left  rain  removal  shutoff  valve  and  bleed  air  ejector 

valve  will  not  work  when  rain  removal  is  selected. 

3.  .  Bleed  air  ejector  will  not  work  in  left  rain  removal. 

4.  .  Left  windshield  wash  valve  inoperative. 

5.  .  Windshield  hot  light  will  not  work  in  an  overheat 

condition. 

6.  .  Rain  removal  system  is  inoperative  and  hot  light  remains 

on  at  all  times. 

7.  .  Bleed  air  ejector  valve  and  right  rain  removal  shutoff 

valve  remain  open  when  wash  is  selected • 

8^  .  Rain  removal  shutoff  valves  remain  open  during  overheat 

and  windshield  hot  light  will  not  illuminate. 

9.  .  Left  rain  removal  shutoff  valve  and  bleed  air  ejector 

valve  will  not  work  when  windshield  wash  is  selected. 

10.  .  Time  delay  relay  is  inoperative  during  right  windshield 

wash. 
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Environmental/Pneudraulic  Branch  3ABR42331-WB-311 
Chanute  AFBf  Illinois 

ADVANCED  FIGHTER-BOMBER  WINDSHIELD  CLEARING  SYSTEM 
COMPONENT  IDENTIFICATION,  OPERATIONAL  CHECK  AND  TROUBLESHOOTING 

OBJECTIVE 

Using  a  wiring  diagram  and  multimeter,  perform  an  operational 
check  and  troubleshoot  malfunctions  on  the  fighter/bomber  windshield 
clearing  system  trainer  locating  the  cause  o^ 4  of  5  malfunctions 
given. 

EQUIPMENT 

Basis  of  Issue 

Trainer  4024,  Advanced  Fighter-  1/student 

Bomber  Air  Conditioning  System 

Multimeter  1/student 

Wiring  Diagram,  Windshield  1/student 

Clearing  System 

Trainer  CT-5,  F-lll  Capsule  1/4  students 

PROCEDURE 

1.  REMOVE  ALL  JEWELRY.    Report  to  the  laboratory  instructor 
and  tell  him  of  the  lesson  you  are  working  on.    The  instructor  will 
have  the  necessary  materials  and  trainer  for  your  use. 

2.  This  workbook  is  in  five  sections: 

I.  Location  and  identification  of  system  components. 
II.  Windshield  clearing  system  operational  check. 
III.  Troubleshooting  (trainer) • 
IV.  Trouble shoot lug  (capsule) • 

V.  Documentation. 

SECTION  I 

LOCATION  AND  IDENTIFICATION  OF  COMPONENTS 

1.      Using  the  trainer  and  figure  1,  find  each  of  the  lettered 
parts.    Write  the  number  that  goes  with  the  name  in  the  blank  spaces. 

a.   Air  source  switch. 

b.   Windshield  rain  removal  switch. 

c.   Windshield  overheat  simulation  switch. 

d.   Windshield  hot  simulation  light. 

e.    Windshield  anti-ice  control  panel. 

f.  Windshield  selector  switch. 


Supersedes  3ABR42231-WB-310,  1  December  1975 f  which  may  be  used 
until  existing  stocks  are  exhausted. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 
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2.  Using  the  trainer  and  figure  2,  find  each  of  the  lettered  parts. 
Write  the  number  "that  goes  with  the  name  in, the  blank  spaca. 


a.   Right  windshield  wash  SOV. 

b.   Left  windshield  wash  SOV. 

c.   Right  rain  removal  SOV. 

d.   Left  rain  removal  SOV. 

e.   Windshield  overheat  sensor. 

f .   Fixed  nozzles. 
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3.  Using  the  trainer  and  figure  3,  find  each  of  the  lettered 
Write  the  number  that  goes  with  the  name  in  the  blank  space. 


a.   Ejector  valve. 

b.    Hot  air  pressure  regulator. 

c.    Hot  air  temperature  control  valve. 

d.   Hot  air  temperature  sensor. 

e.   Ejector  nozzle. 


Answers,  Figure  1. 

a.   4  

b.  __  2 

c.  6 

d.  5 

e.  1 

f.  __3_ 

Answers,  Figure  3. 

a.  4 

b.  1 
c  3 

d.  5 

e.  2 


Answers ,  Figure  2 . 


a. 

4 

b. 

6 

c. 

2 

d. 

3 

e. 

5 

f. 

1 
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SECTION  II 
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WINDSHIELD  CLEARING  SYSTEM 
OPERATIONAL  CHECK 

PROCEDURE 

Follow  the  step-by-step  procedure  for  operating  the  windshield 
clearing  system.    Be  sure  to  do  each  step  as  told.    If  you  can  not  do 
the  steps  tell  the  instructor. 

1.      Preparation  ^ 

a.  Find  the  wall  locker  in  the  F-lll  laboratory.    Get  the 
windshield  clearing  wiring  schematic  and  a  multimeter  from  the  locker. 

b.  Connect  the  trainer  electrical  leads,  located  on  the  left 
end  of  the  trainer,  to  the  vail  receptacles  behind  the  trainer. 

c.  Turn  on  the  trainer,  air  source  located  behind  trainer. 

d.  Push  in  all  the  trainer  circuit  breakers. 

POSITION  THE  SWITCHES  AS  FOLLOWS  e' 

/ 


SWITCH 

LOCATION 

POSITION 

Trainer  switch 

Top  C/B  panel 

ON 

Circuit  breakers 

C/B  panel 

IN 

Turbine  bypass 
overtemperature 

Simulator  panel 

£\  170°F 

Turbine  overt emperature 
switch 

Simulator  panel 

<  350°F 

Windshield  overheat 
switch 

Simulator  panel 

<  445°F 

Trouble  switch 

Left  end  of  trainer 

Down  position 

Air  source  switch 

Air  conditioning  oanel 

OFF 

RECHECK  ALL  SWITCH  POSITIONS 

9 

SWITCH 

OPERATING  COMPONENT 

RESULT  OR  POSITION  : 

Ground  air  source 
switch  ON 

DEPRESS  the  left  engine 
start  switch  momentarily 

Pressure  regulating 
valve 

Closed  1 

! 

i 

Hot  air  temp  control 
valve 

Closed 

DEPRESS  the  left  engine 
i    starter  overspeed  cutout 
{    switch  momentarily 

Pressure  regulating 
valve 

Hot  air  temp  control 
valve 

Open  | 

1 

Open 

The  left  engine  Is  running  so  there  is  no  need  for  the  ground  air  source. 
The  right  engine  will  be  started  with  bleed  air  from  the  slef t  engine. 

Ground  air  source  switth 
OFF 

DEPRESS  right  engine 
starter  switch  momentarily 

Pressure  regulating 
valve 

Closed 

Hot  air  temp  control 
valve 

Closed 

1    DEPRESS  right  engine 

starter  switch  momentarily 

Pressure  regulator 
valve 

1  Open 

Hot  air  temp  control 
valve 

Open 

i 

\  

Air  source  selectoi  to 
BOTH 

Left  and  right  bleed 
air  check  and  shutoff 
valves 

'  Open 

i 

Note:    nTith  both  engines  running  and  the  air  source  switch  in  the 
both  position  there  is  air  for  the  windshield  clearing  system. 
On  the  windshield  clearing  system  panel  there  are  two  switches; 
RAIN  REMOVAL  SWITCH  and  the  WINDSHIELD  SELECTOR  SWITCH.    The  rain 
removal  Switch  has  three  positions,  RAIN  REMOVAL,  WASH  AND  OFF. 
The  windshield  selector  switch  has  three  positions,  L  (L&FT), 
BOTH  AND  R  (RIGHT) . 
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SWITCH  POSITION 

OPERATING  COUPONED       j  RESULT  OR  POSITION 

Windshield  selector 
•witch  to  30TH 

kaxd  removal  witch  to  ae 
IAIN  REMOVAL  position 

**eft  rain  re?<ovai  >0V 
Right  coin  removal  SOV 
Ejector  valve 

Open 

Simulated  Open 
Open 

Windshield  selector  switch 
to  LEFT 

Uft  rain  removal  SOV 
Right  rain  removal  SOV 
Ejector  valve 

Open 

Closed 

Open 

Windshield  selector  switch 
to  RIGHT 

Right  rain  removal  SOV 
Left  rain  removal  SOV 
Ejector  valve 

Simulated  Open 

Closed 

Open 

Windshield  selector  switch 
to  BOTH 

Rein  removal  switch 
WASH  momentarily 

Left  windshield  wash 
SOV 

Left  rain  rr^oval  SOV 

Right  windshield  wash 
SOV 

Right  rain  removal  <?r7 
Ejector  valve 

Open  5  sec 
Open  5 

Simulateu  Open  5  sec 

Simulated  Open  5  sec 
Opeu  j  sec 

Windshield  selector  switch 
to  LEFT 

Rein  removal  switch  to 
WASH  nowentarily 

Left  windshield  wash 
SOV 

Left  rain  removal  SOV 
£j*ctor  valve 

Open  5  sec 

Open  5  sec 
Open  5  jcc 

Windshield  selector  switch 
to  RIGHT 

Ra*n  resiovel  switch  to 
WASH  moatntarlly 

Right  windshield 
wash  SOV 

Right  rain  removal  SOV 
Ejector  valve 

Simulate^  Open  5  sec 

Simulated  Open  5  sec 
Open  5  sec 

(    SWITCH  POSITION 

i             .  _  , 

OPERATING  COMPONENT 

RESULT  OR  POSITION 

Windshield  ••lector 
•witch  to  BOTH 

i  1 
Rain  removal  switch 
to  RAIN  REMOVAL 

Left  rain  removal  SOV 
Right  rain  removal  SOV 
Ejector  valve 

open 

Simulated  Open 
Ope  a 

Note:    The  windshield  overheat  sensor  protects  the  windshield  by  shut  fig 
off  BOTH  rain  removal  SOVs  during  the  overheat  condition.    It  also  lights 
the  windshield  hot  light  on  the  caution  panel.    The  windshield  wash 
system  is  partially  inoperative  because  there  isn't  any  rain  removal. 
We  can  simulate  a  windshield  overheat  condition  on  the  simulation  panel. 

Windshield  overheat      |  Right  rain  removal  SOV 
simulation  switch 

to  >  445#F                      Left  rain  removal  SOV 

i 

! 

Windshield  hot  light 

Closed 
Closed 

ON 

1 

Rain  removal  switch 
to  WASH  momentarily 

Right  windshield  wash 

SOV 

Left  windshield  wash 

SOV 

Ejector  valve 

Right  and  left  rain 
removal  SOV 

Open  5  sec  Simulated 
Open  5  sec 

Open  5  sec 

Closed  because  of 
windshield  overheat 
condition 

Windshield  overheat 
switch  to  <  445*F 

Windshield  hot  light 

OFF 
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SECTION  III 
TROUBLESHOOTING  (TRAINER) 


1.      For  this  part  of  the  project  you  will  be  given  three  mal- 
functions to  troublaahoot  in  lab  109.    After  you  have  completed  these, 
you  will  be  instructed  to  go  to  lab  106  where  you  will  be  given  two 
additional  malfunctions  to  troubleshoot .    Of  the  five  troubles  given, 
you  must  locate  four  of  them  correctly.    Tell  the  instructor  you  are 
now  ready  to  troubleshoot .    He  will  gi/e  you  an  AFTO  Form  781A  which 
lists  three  malfunctions.    Put  a  trouble  switch  to  the  ON  positiorf 
and  troubleshoot  until  you  find  the  malfunction.    Complete  the  781A 
by  listing  the  corrective  action  and  amking  all  other  entries  as 
required* 

SECTION  IV 
TROUBLESHOOTING  (CAPSULE) 

1.      Report  to  lab  106.    Tell  the  instructor  you  are  ready  to 
t^ubleshoot  the  F-lll  capsule  windshield  clearing  system. 

STEP  1 

Below  is  a  list  of  controls  and  parts  of  the  system.    You  can 
visually  check  these  from  outside  the  capsule.    As  each  part  is 
found,  put  a  checkmark  in  the  blank  space. 

 I.      Temperature  control  panel.    Look  on  the  center  console 

between  the  seats. 

 2.      Windshield  clearing  and  anti-icing  par<-T.    Look  on  the 

bottom  of  the  left  front  panel. 

 3.      Ejector  valve  1*  At.    Look  on  the  upper  right  corner  of 

the  front  panel. 

STEP  2 

It's  now  time  to  prepare  the  capsule  for  an  operational  check. 
Follow  the  checklist  below*    Be  sure  to  read  each  step  carefully. 
As  each  step  is  completed,  put  a  checkmark  in  the  blank  space. 

 _1.      Locate  the  two  electrical  cords  on  the  F-lll  capsule.  Plug 

these  cords  into  the  veil  outlets. 

 2.      Locate  the  "F-lll"  switch  on  the  bleed  air  sbutoff  valve 

control  panel.    Place  this  switch  to  the  closed  position. 

3.      Locate  the  F-lll  power  switch  on  the  front  of  the  trainer. 
Place  this  switch  to  tie  ON  postiion. 

r      Note:    To  perform  an  operational  check  on  the  windshield  clearing 
system  we  need  a  source  of  hot  pressurised  air.    For  this  test 
we  will  use  a  MA-1A  ground  air  cart. 
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 4.      Go  to  room  108.    Take  a  headset  off  the  rack  on  the  left 

side  of  the  room. 

SAFETY  STEP:    Due  to  excessive  noise,  ear  protectors  must  be  worn 
while  operating  the  MA-1A. 

 5.      Locate  the  bleed  air  shutoff  valve  switch  above  the  window. 

Place  this  switch  to  the  closed  position. 

 6.      Go  outside  and  prepare  the  MA-1A  for  starting. 


a.  Check  for  fuel. 

b.  Remove  the  protective  covering. 

c.  Checlf  for  oil. 

d.  Unwrap  Sjie  ground  hose  and  lay  it  out  flat  along  the 
ground  (pointed  away  fro     'he  control  panel) . 

e.  Connect  the  battery. 

f.  Open  the  vents.    Ilr sure  the  limit  switch  on  the 
fxont  vent  is  in  pljce. 

g.  Open  the  control  p*nel. 

h.  Check  the  maintenance  forms. 

7.  You  are  now  ready  to  "blow  out  the  hose."  This  is  done  to 
insure  no  foreigr  matter  is  in  the  hose.  Place  your  head- 
set over  your  ears  at  this  tJ***. 

a.  Place  the  master  run  switch  to  the  RUN  position. 

b.  Place  the  start  switch  to  the  ON  position  for  about 
10  seconds,  the?  let  go. 

c.  Place  the  output  air  switch  to  the  ON  pobition  when 
the  output  air  light  comes  on. 

8.  After  about  30  seconds,  place  the  output  air  switch  to 
the  OFF  position. 

9.  Now  ccnnect  the  hose  to  the  receptacle  on  the  wall. 


10.  Once  the  hose  is  secured,  step  away  from  the  hose  and  place 
the  output  air  switch  back  to  the  ON  position. 

11.  Go  back  to  room  108  and  place  the  bleed  air  shutoff  valve 
switch  to  the  OPEN  position.    Also,  place  your  headset  back 
on  the  rack. 
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Return  to  room  106  and  place  the  F-lll  switch  to  the 
open  position. 

Remove  one  headset  per  person  from  the  gray  locker. 


33Si 


You  are  now  ready  to  begin  the  operational  check.    To  per- 
form this  check,  use  table  1  below.    You  will  have  to  get 
in  the  capsule  to  perform  the  operational  check. 

Nbto:    For  the  following  steps  in  the  windshield  clearing  system 
operational  check.  DO  NOT  OPERATE  the  windshield  clearing  system 
longer  than  30  seconds.    Allow  a  30-second  cool inr  period  between 
operations. 


STEP 


CONTROL 


POSITION 


RESULT 


Windshield 
Clearing  Switch 


Rain  Removal 


Airflow  should  be 
felt  over  "both  wind- 
shields, overheat 
should  be  off, 
ejector  light  should 
be  on. 


Windshield 
Selector  Switch 


Move  to  left, 
right,  then 
to  both 


Airflow  should  be 
felt  over  appropriate 
windshield .  Overheat 
light  should  be  off, 
ejector  light  should 
be  on. 


Windshield 
Clearing  Switch 


Off 


Airflow  across  both 
windshields  should 
cease. 


Table  1.    Operational  Check. 


STEP  3 


Now  that  you  have  performed  the  operational  check,  you  should  be 
familiar  with  the  normal  operation  of  the  system.    The  instructor  will 
now  put  two  malfunctions  in  the  system.    After  each  malfunction  is 
turned  on,  you  must  go  through  the  oepratiohal  ch«ck  until  you  locate 
the  malfunctions. 

STEP  4  -  Shutdown  Procedures 

 !•  the  "F-lll  Switch"  to  the  CLOSED  position. 

Place  the  F-lll  power  switch  to  the  OFF  position. 


2. 


J3.      Unplug  and  stow  your  headsets. 


52. 1 
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 4.      Go  to  room  108  and  place  the  bleed  air  shutoff  valve 

switch  to  the  CLOSED  position. 

 5.      Remove  a  headset  from  the  rack  and  place  over  your  ears. 

 6.      Go  outside  to  the  control  panel  on  the  MA-1A. 


7.      Place  the  output  air  switch  to  the  OFF  position. 

JB.      When  the  output  air  gage  reaches  zero,  place  the  master 
run  switch  to  the  OFF  position. 

9.     After  the  turbine  stops  spinning*  close  the  vents. 


SAFETY  STEP:    The  outlet  vent  may  still  be  hot.    Be  careful  when 
closing  this  vent. 

 10.  Unplug  the  battery. 

 11.  Place  the  hose  back  in  the  original  position. 

 12.  Place  the  protective  covering  back  over  the  MA-1A. 

 13.  Go  back  to  room  108  and  return  your  headset  to  the  rack. 

 14.      Return  to  room  106  and  wrap  all  electriwl  cords  around  the 

hook,  located  in  front  of  the  capsule. 

 15.      You  are  now  ready  to  fill  out  your  data  collection  forms,  J 

using  the  information  in  section  V.  ^ 
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FOREWORD 


Thie  programmed  text  wae  prepared  for  use  in  the  3AER42231  Instruc- 
tional system.    The  material  contained  herein  haa  been  validated  using 
thirty  42010  students  enrolled  In  the  3ABR42231  course.    932  of  the 
students  taking  this  text  surpassed  the  criterion  called  for  In  the 
approved  *esson  objectives.    The  average  student  required  40  minutes 
to  complete  the  text. 

OBJECTIVES 

After  completion  of  the  text,  you  will  be  able  to: 

1.  State  the  three  main  categories  of  air  control  valves. 

2.  Explain  the  principles  of  air  check  valves. 

3.  Explain  the  principles  of  pneumatic  actuated  valves. 

4.  Explain  the  principles  of  electric  actuated  valves. 

5.  State  the  power  requirements  for  electric  motor  actuated  valves. 

6.  State  the  power  requirements  for  pneumatic  actuated  valves. 
Standard  of  Performance: 

You  will  demonstrate  an  acceptable  attainment  of  the  objectives 
if  you  can  answer  70%  of  the  multiple-choice  questions  correctly. 

INSTRUCTIONS 

Note:    Before  proceeding,  remove  the  response*sheets  at  the 

back  of  this  text.    Then  enter  your  answers  on  the  removed  sheets. 

This  programed  text  presents  information  in  small  steps  called 
"frames."   After  reeding  each  frame,  you  are  expected  to  respond  by 
choosing  either  TRUE  or  FALSE.    DO  NOT  MARK  IN  THIS  TEXT. 

Read  the  material  presented,  select  your  response  to  the  question, 
and  indicate  your  response  on  the  response  sheets.    After  you  respond 
to  the  question,  compare  your  answer  with  the  one  given  on  the  top 
of  the  even  numbered  or  available  page.    If  you  are  correct,  go  on 
to  the  next  frame.    If  your  answer  is  wrong,  read  die  frame  again. 
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The  thre«  main  types  of  air  control  valvaa  that  art  dlacuaaad  in 
thia  text  ara  air  chack  valvaa,  alaetrlc  motor  oparatad  valval,  and 
pneumatic  actuatad  valvaa, 

let'e  firat  look  at  tha  air  chack  valvaa.    Thay  vary  in  size  fro» 
about  ona  inch  in  diameter  (uaad  in  avail  air  linaa)  to  5  inchaa  in 
diameter  t^ad  in  air  aupply  linaa.    However,  no  matter  hew  larga  or 
avail  tha  chack  valvaa  ara,  thay  all  ara  uaad  for  tha  a ana  purpose . 
Thay  prevent  tha  reverse  flow  of  air.    In  other  words,  thay  allow  air 
to  flow  in  ona  direction  only.    There  la  an  arrow  (*)  on  tha  valve 
houeing  to  ahow  you  which  dlractlon  to  install  tha  valve.    Always  install 
the  valve  with  the  arrow  pointing  in  tha  direction  of  airflow. 


Tou  can  aae  what  would  happen  if  the  check  valve  was  ina tailed  in 
tha  system  the  wrong  way.    That'e  right—no  airflow. 


Mote:  Determine  which  of  tha  following  statement^)  are  true 
and  which  ara  falsa. 


1.  Tha  purpose  of  the  check  valve  la  to  prevent  reverse  flow  of  air. 

2.  Always  install  tha  valve  wxth  tha  arrow  in  tha  direction  of 
airflow. 

3.  It  doesn't  matter  which  way  a  chack  valve  la  inetalled  in  the 
system, 

4.  No  matter  how  larga  a  check  valve  is,  it  has  tha  same  purpose 
aa  a  email  one. 
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OORRe         >rONSES  TO  KKAME  1:    1.    T         2.    T         3.    F        4.  T. 


We  will  now  look  at  electric  motor  actuated  valves.    These  valves  are 
of  different  types  and  are  used  for  different  systems*    Some  different 
types  of  alectrlc  motor  actuated  valves  are  the  butterfly,  spoon  and 
sliding  gate.    All  these  valves  are  driven  by  an  electric  motor.  As 
environmental  systems  repairmen  we  are  mainly  concerned  with  the  butter- 
fly type  valve*    The  butterfly  valves  can  start  and  stop  airflow,  such 
as  a  shut off  valve.    They  are  also  used  to  slow  airflow,  such  as  a 
modulating  valve.    Modulating  valves  can  b&  stopped  anywhere  between  full 
opan  or  full  dosed. 


Note:    Determine  which  of  the  following  statement (s)  are  true 
and  which  are  false. 

1.  Electric  motor  actuated  valves  cannot  be  stopped  between  full 
open  and  full  closed. 

2.  Shutoff  valves  are  used  to  start  and  stop  airflow. 

3.  Electric  motor  actuators  can  operate  various  types  of  v&lvea. 

4.  Modulating  valves  can  be  stopped  anywhere  between  full  open 
end  full  cloaed  position. 


Internal  View,  Butterfly  Valve  Opea 


External  View  of  Valve. 


Electric  Motor  Actuated  Valve. 


Ltt's  take  a  look  at  tha  power  requirements  of  son  of  the  electric 
motor  actuated  valvaa.    The  electrical  power  uend  by  most  of  tha  valvaa 
la  either  28  volte  DC;  113  volte  AC,  400  Harts,  single  phaae;  or  230 
volte  AC,  400  Harts,  three  phase.   You  can  aaa  there  are  valvaa  with 
various  voltagee.    One  way  you  can  find  out  what  electrical  power  a 
valve  naada  la  to  look  on  tha  data  plate  attache**  to  the  valve.    If  the 
information  la  not  on  tha  data  plate  look  in  die  technical  order  for  the 
valve.    Tha  parte  of  a  typical  valve  are  identified  in  the  illustration. 


Note:    Determine  which  of  the  following  statement(s)  are  true  and 
which  are  falsa. 

1.  There  are  several  voltages  that  can  be  used  for  power  in  electric 
motor  actuated  valvaa. 

2.  There  is  only  on*  Unit  switch  in  e*~h  motor  actuator. 

3.  Another  name  for  a  motor  is  sn  actuator. 

4.  Power  requirements  for  valves  can  be  found  in  technical  ordere. 


•  ClOM  IN**  IwiTCh 
C  ftOTOt 


O  ACTUATING  CAM 
N    Nf AT  SKttlO 


•    'OSfftOM  IMOtCATOt 

i  tuTTtanv  vaivi  k>*n, 


•   AM  COMHfCrot 


Electric  Motor  Actuated  Butterfly  Valvu. 
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COUECT  RESPONSES  TO  FRAME  2:  1.  F  2.  T  3*  T  4.  T. 
CORRECT  RESPONSES  TO  FRAME  3:  1.  T  2.  F  3.  T  4.  T. 
fx  mam  4 

Let's  go  into  the  function  of  the  parts  of  an  alactric  motor  sctuated 
valve.    Follow  tha  diagram  balov  aa  you  go  along. 

Tha  Motor  (c)  la  u?ed  to  driva  tha  gaar  train.    Tha  gaar  train  drivaa 
tha  actuating  can  (g)  anr:  poaition  indicator  (d) .    Tha  actuating  can  con- 
tacts tha  limit  switches.    Limit  air  itch  (a)  stops  ths  motor  whan  tha 
butterfly  valve  (a)  is  in  tha  full  opan  poaition.    Limit  switch  (b)  stops 
tha  motor  whan  tha  butsrfly  valve  la  in  tha  full  cloaad  poaition.  Tha 
gaar  train  la  uaad  to  lncraaaa  torqua  of  tha  motor*    Tha  poaition  indi- 
cator la  uaad  to  save  you  tlma  as  a  mechanic.    It  tails  you  at  a  glanca 
what  poaition  tha  buttarfly  valve  is  in,  without  having  to  ramova  it 
from  tha  aircraft. 


A.  OMN  IMIT  SWITCH  f    VAtVl  NOUtINO 

•   CLOM  iMff  ftWITCH  0    ACTUATMO  CAM 

C    MOTOt  M.  HI  AT  IHJttO 

0   POSITION  tWOKATOl  l4  AN  CONWfCTOt 

i.  ftuminr  vaivi  *owm» 


Elactrlc  Motor  Actuatad  Valve. 

Note:    Datarmlna  which  of  tha  following  statement (a)  are  true  and 
which  are  false, 

1.  Tha  motor  drivaa  tha  gaar  train,  actuating  cam,  *M  position 
indicator. 

2.  Both  limit  awl  tehee  are  contacted  at  the  same  tine. 

3.  The  gear  train  increaaee  tha  torque  of  the  motor.  ^ 

*-      ilia  mechanic  can  tell  what  poaition  tha  butterfly  valve  is 
in  by  looking  at  tha  poeition  indicator. 

4 

ERiC  531 


/ 


mi 


Frame  5 

Pneumatic  actuated  valves  ara  actuated  by  air.    There  are  two 
mala  typee  of  pneumatic  actuated  valvea ;  piston  or  diaphragm  operated. 
These  valves  are  used  in  the  bleed  air  system  to  control  airflow.  The 
tiro  mejor  components  are  the  actuator  and  the  butterfly.    A  fail-safe 
system  la  built  into  the  valve.    Pail-safe  meane  the  valve  would  return 
to  the  original  position  (open  or  closed) ,  if  electrical  power  or  system 
pressure  failed.    Next  we  will  discuss  valve  controlling  devices. 


ACTUATOR 


BUTTERFLY 


Diaphragm  Actuated  Valve 


Piston  Actuated  Valve 


Note:  Determine  which  of  the  following  statement(s)  are  true  and 
which  are  false. 

1*     Pneumatic  actuated  msans  air  actuated. 

2.  All  valvea  are  fail-safe  closed. 

3.  Pist       vpe  valves  are  electrically  operated. 
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Cc/rRECT  RESPONSES  TO  FRAME  A:     1.    T         2.    F         3.    T         4.  T. 
CORRECT  RESPONSES  T<>  FRAME  5:     1.    T         2.    F         3.  F. 
Frame  6 

Controlling  devices  for  pneumatic  valves  consist  of:    (1)  solenoids, 
(2)  thermostats,  (3)  pneumatic  relays,  or  (4)  pressure  switches  which 
control  the  position  of  the  valve. 

1.  The  solenoid  controls  air  pressure  to  open  or  close  a  valve  by 
allowing  air  pressure  to  stop  or  pass  through  the  solenoid. 

2.  The  pneumatic  thermostats  are  controlled  by  temperature  which 
either  open  or  close  a  small  bleed  pert,  controlling  the  buildup, or 
release  of  pressure  acting  on  the  diaphragm  of  a  pneumatic  valve* 

3.  The  pneumatic  relays  are  used  in  the  pressurization  system  to 
prevent  lag  time  between  the  controller  and  outflow  valves,  wtietf  the 
outflow  valves  are  locate  >  a  considerable  distance  between  units.  , 

4.  The  pressure  switches  are  used  in  conjunction  with  a  valve  that 
operates  under  a  pregiven  pressure  similar  to  ar^lmeroid  switch.  Most 
pressure  switches  operate  in  conjunction  with  a  pneumatic  thermostat.  - 

Note:    Determine  which  of  the  following  statement(s)  ar^  true  and 
which  are  false. 


1.  Pneumatic  thermostats  are  controlled  by  air  pressure. 

2.  Lag  time  between  the  controller  and  outflow  valves  is  controlled 
through  a  pneumatic  relay. 

3.  All  pressure  switches  work  in  conjunction  with  a  pneumatic 
thermostat. 

4.  A  solenoid  is  a  controlling  device. 


Frame  7 

utollSFS  °rt  pMM?tlc  Valves-  ^  Pi* ton-act ua:ed  valve  has  r  piston" 
s«ls  LI       J  °ni,      !  InStead  °f  8tMl  ^ngs,  rubber  "0"  ring 

seals  are  used.    The  piston  rod  is  connected  to  a  mechanical  linkage 

The  linkage  is  attached  to  the  butterfly  valve.  When  air  pressure  is  '  ~ 
applied  to  the  top  or  bottom  of  the  piston,  the  valve  will  open  or  close. 
Normal  opening  or  closing  time  Is  approximately  one  second  for  all  valves 
A  piston  actuator  la  normally  controlled  by  a  solenoid  valve,  A  solenoid 
valve  is  sometimes  referred  to  as  a  switcher  valve.  It  switches  the  air 
pressure  either  to  the  top  or  bottom  of  the  piston.  This  controls  the 
direction  of  piston  movement. 


IIICTIICAI 


SOLENOID                             SUED  VALVE 
CONNECTOI  

actuatoi  (Pneumatic 


icnoiho 
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ENGINE  AH 
ILEEO  DUCT 


ILEED  VALVE 


Pneumatic  Piston  Actuated  Valve, 

Note:  Determine  which  of  the  following  statement (s)  are  true  and 
which  are  false.  ~~ 


f*0"  ring  seals  are  used  on  piston-actuated  valves. 
2-      Normally  1  second  is  required  for  the  valve  to  open. 
3.      A  switcher  valve  controls  the  mechanical  linkage. 
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BLEED  AIR  TAPOFF  LINE 
BALL  CHECK  VALVE  ASSEMBLY 
BUTTERFLY 
MIDDLE  CHAMBER 
E.  RIGHT  HAND  CHAMBER 
RIGHT  HAND  BLEED  PORT 

G.  SOLENOID 

H.  PISTON 
MECHANICAL  LINKAGE 
CONTrOL  VALVE  PLUNGCR 
SOLENOID  RETURN  SPRING 

L.  LEFT  HAND  BLEED  PORT 
M.  LEFT  HAND  CHAMBER 
BLEED  AIR  TAPOFF  LINE 


Pneumatic  Piston  Actuated  Valve  (De-energized  Closed) 
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CORRECT  RESPONSES  TO  FRAME  6:1.F         2.T         3.F  4.T 
CORRECT  RESPONSES  TO  FRAME  7:1,     T         2 .    T  3.T. 

Frame  8 

Operation  of  the  Pneumatic  Piston  Actuated  Valve.    Refer  to  the 
illustration  of  the  valve  on  page  8.    Air  pressure  is  tapped  from  the 
body  of  the  valve  through  (a  or  n>  either  side  cf  the  butterfly  (c) . 
Airflow  is  then  routed  to  the  shuttle  valve  (b) .    The  shuttle  valve 
prevents  air  pressure  from  #   :aping  to  the  opposite  side  of  the  butterfly. 
The  shuttle  valve  directs  air  pressure  to  the  middle  chamber  (d) .    At  this 
point  the  air  will  be  controlled  by  the  solenoid  (g) .    The  direction  of 
the  air  movement  will  depend  on  the  position  of  the  solenoid.    When  the 
solenoid  is  de-energized  air  will  pass  into  the  right  hand  chamber  (e) . 
From  the  right  chamber  air  flows  up  the  passageway  to  the  top  -of  the 
piston  (h).    Air  pressure  forces  the  piston  to  the  left.    Through  mechan- 
ics.1 linkage,  the  butterfly  (c)  will  ba  held  closed. 

Note:    Determine  which  of  the  following  statement(s)  are  true  and 
which  are  false .   

1.  Air  is  trapped  f^om  either  side  of  the  butterfly. 

2.  The  direction  of  airflow  depends  on  the  check  valve  position. 

3.  A  de-energized  solenoid  will  cause  the  valve  to  close. 


SOLENOID 
(ENERGIZED) 

umnnm 


7imtmmm 


c. 

D. 
E. 
F. 
G. 
H. 
I. 
J. 
K. 
L. 
M. 
N. 


BLEED  AIR  TAPOFF  LINE 
uMlL  CHECK  VALVE  ASSEMBLY 
BUTTERFLY 
MIDDLE  CHAMBER 
RIGHT  HAND  CHAMBER 
RIGHT  HAND  BLEED  PORT 
SOLENOID 
PISTON 

MECHANICAL  LINKAGE 
CONTROL  VALVE  PLUNGER 
SOLENOID  RETURN  SPRING 
LEFT  HAND  BLEED  PORT 
LEFT  HAND  CHAMBER 
8LFED  AIR  TAPOFF  LINE 


Pneumatic  Piston  Actuated  Valve  (Energized  Open). 
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CORRECT  RESPONSES  TO  FRAME  8:     I      T         2.    F         3.  T. 

Frame  9 

Refer  to  the  illustration  on  page  10,    To  open  the  valve,  28  volt 
DC  is  applied  to  the  solenoid  valve  (g)  ,  energizing  the  solenoid.  This 
action  causes  the  control  valve  plunger  (j)  to  move  to  the  left.  The 
plunger  closes  the  air  inlet  port  of  th#  right  hand  chamber  (d) .  The 
right  hand  bleed  port  (f)  is  now  opened    Air  from  the  top  of  the  piston 
is  vented  overboard.    With  the  solenoid  energized,  the  left  hand  bleed 
port  (1)  is  closed.    Ths  left  hand  chamber  (m)  inlet  port  is  open ,  This 
allows  pressure  to  be  applied  to  the  bottom  of  the  piston.    The  piston 
(h)  will  be  forced  to  the  right  moving  the  mechanical  linkage  and  opening 
the  valve.    Air  can  then  flow  through  the  valve  (o) .    To  cloy,  the  valve, 
de-energize  the  solenoid  (g) .    The  solenoid  return  spring  (k)  will  move 
the  control  valve  plunger  to  the  right.    Air  pressure  is  directed  to  the 
top  of  the  piston,  closing  the  valve.    Air  is  vented  from  the  bottom  of 
the  piston  through  the  left  hand  bleed  port  (1) .    Port  leakage  past  the 
butterflv  is  compensated  by  adjusting  the  mechanical  linkage  of  the  valve. 

Note:    Determine  which  of  the  following  statement(s)  are  true  and 
which  are  false . 


1.  Air  directed  to  the  bottom  of  the  pis': on  will  o?en  tie  valve. 

2.  ^   Bleed  ports  are  used  to  bleed  the  air  from  the  top  and  bottom 
of  the  piston. 

3.  The  solenoid  is  energized  to  open  the  butterfly. 
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CORRECT  RESPONSES  TO  FRAME  9:     1.  F 


2.  T 


3.  T. 


Frame  10 

Diaphragm  Actuated  Valves.    A  diaphragm  actuated  valve  Is  similar 
to  a  piston  actuator  with  the  exception  of  a  piston;  a  diaphragm  is  used 
instead*    A  diaphragm  is  a  canvas  cloth  impregnated  and  coated  with  rubber* 
This  prevents  air  from  passing  through  it.    However  it  is  flexible  enough 
to  allow  movement.    The  diaphragm  separates  two  chambers.    One  chamber  Is 
normally  vented  to  the  atmosphere.    The  other  has  a  spring  to  load  the 
butterfly  valve  to  the  open  or  closed  position.    Some  valves  have  the 
spring  on  th*  pressure  side,  but  these  are  exceptions  to  the  rule.  The 
other  chamber  of  the  actuator  is  connected  to  a  pressure  source.  Attached 
to  the  diaphragm  is  a  rod.    The  rod  is  connected  to  the  mechanical  linkage 
of  the  butterfly  shaft. 

Note:    Determine  which  of  the  following  statement(s)  are  true  and 
which  are  false. 

1.      A  diaphragm  is  very  flexible. 

2*      The  diaphragm  actuator  rod  is  connected  to  a  m?chaii_cal  linkage. 
The  valve  could  be  spring  loaded  to  the  open  and  closed  position. 
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ACTUATOR 


ATMOSPHERIC 
VENT 


PRE3SURE 
SOURCE 


BIAS  SPRING 

DIAPHRAGM 
ACTUATOR  ROO 


Diaphragm  Actuated  Valve  (Spring  Loaded  Open) . 
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ATMOSPHERIC 
VENT 


PRESSURE 
SOURCE 


-ACTUATOR 


BIAS  SPRING 
DIAPHRAGM 


ACTUATOR  ROO 


BUTTERFLY 


Diaphragm  Actuated  Valve  (Spring  Loaded  Open) 
With  Air  Pressure  Applied  to  Close  the  Valve. 
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CORRECT  RESPONSES  TO  FRAME  10:    1.  T 


Frame  11 


,„    ?£rlng  Leaded  Open  Diaphragm  Actuated  Refer  t0  th<8  top 

J2E?!tl2  °°  P*8*  lt\  ^  iHUStr,tlon  «Prae«nt.  a  valve,  spring 
loaded  to  tha  open  poaltion.    Let's  sea  how  tha  valve  can  be  controlled. 
With  no  presaure  at  tha  pressure  source,  the  apring  forces  the  diaphragm 

STfc  -P^i      "  thI  •ctuator  rod»  ^""Sh  mechanical  linkage,  to  hold 
the  butterfly  open.    To  doaa  the  valve  (bottom  illuatration)  a  pre- 
determined preaaure  i.  applied  from  tha  praa.ure  source.    Pressure  buildup 
will  force  the  diaphragm  upward;  compraasing  the  spring.    Aa  the  diaphragm 
moves  upward,  tha  actuator  rod,  through  mechanical  linkage,  begins  to 
cloee  the  valve.    The  atmoapherlc  pressure  on  top  of  the  diaphragm  i8 
forced  out  the  atmospheric  vent.    This  allows  free  movement  of  the 
aiapnragn. 

Note:    Determine  which  of  the  following  statement (s>  are  true  and 
which  are  false .  —  

1.  To  allow  free  movement  of  the  valve,  one  side  is  vented. 

2.  The  valve  on  page  14  la  spring- loaded  closed. 

3.  Atmoapherlc  air  pressure  is  applied  to  actuate  the  valve. 
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PRESSURE 
SOURCE 


ATMOSPHERIC 
VENT 


BUTTERFLY 


DIAPHRAGM 


BIAS  SPRING 
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Diaphragm  Actuated  Valve  (Spring  Loaded) 
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CORRECT  RESPONSES  TO  FRAME  11:    1.    T         2.     F         3,  F. 

Frame  12 

Spring  Loaded  Closed  Diaphragm  Actuated  Valve.    Refer  to  illustration 
cm  page  16.    The  spring  will  push  the  diaph.-gr  up,  causing  the  actuator 
rod  to  hold  the  butterfly  closed.    Vhen  pressure  is  applied  from  the 
pressure  source,  the  diaphr**rm  will  be  forced  down.    The  actuator  rod 
moves  the  butterfly  open. 

Note:    Determine  which  of  the  following  statement (s)  are  true  and 
which  are  false. 

1.  With  the  valve  spring  loaded  to  the  closed  position,  pressure 
is  applied  to  open  the  valve. 

2.  Pressure  is  applied  to  the  bottom  of  the  valve  diaphragm  to 
open  the  valve. 
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CORRECT  RESPONSES  TO  FRAME  12:     1.    T         2.  T 
Frame  13 

Kir  check  valves  are  always  Installed  in  a  system  with  the  arrow 

pointing  in  the  direction  of  airflow*    Remember  the  purpose  and  power 

requirements  for  each  type  of  valve  discussed  in  the  text.  If  in  doubt, 

recheck  the  text  to  make  sure.    Now  here  is  another  look  at  the  valves 

we  have  discussed.    Remember  what  they  look  like.    You  will  see  them  again. 


Electric  Motor  Actuated  Butterfly  Valve  Air  Check  Valve 


Pneumatic  Piston  Actuated  Valve 
No  Response  Required 
18 
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Frame  14 


lu.,  .4       v8     iM  *ir  C°ntr01  valve  can  be  •  8imPl«  »atter  of 

Just  operating  the  valve.    An  operational  check  (not  a  bench  check) 
can  be  performed  on  the  aircraft.    This  check  will  allow  you  to 
wHn^!^         ^  U  5'Ulty;  °r  th'  l»»«-«tlc  «y»tem  has  failed. 

S  vo*r  ^  J  /     Trati«8  P'015"1*'  ic  «•«:  b«  '-ov««  and  sent 
toyour  shop  for  repairs.    Not  all  valves  are  sparable  «t  b«se  level. 
Som.  valves  oust  be  sent  to  depot  for  rep.ir.    However,  if  you  are 

£ fZJZl?  "S^  *  ValT6'  y°Ur  Sh0P  WU1  h™  th«  •quipLnt  »d 
I         c10'  W1U  4X1,1810  how  to  in8P«ct»  bench  test  and 
repair  Ote  valye.    Some  valve,  jay  also  require  a  special  check.  These 
check,  are  outlined  in  th.  Tim.  Compliance  Technical  Order.  (TXTO)  lr 
a  valv.  ha.  b..n  in  storsgs  for  an  extended  period  of  time,  then  all  the 

Sfr^.P*";  o7^Y*PlaCed-  '7*  ">  °-rln8  "»18'  S-^ets  and  dia- 
phragm..   TO  00-20K-6  series  outlines  the  msxlmum  time  these  valves  can 

be  stored.    Cur.  date  kits  (C  kits)  are  used  to  repair  these  values 

Cur.  d.t.  kit.  includ.  all  the  rubber  parts  needed'^  repair  ™  given 

the"  C  L^t       ?f    ?    T  3  y*arS  U  CaD  00  lon*«  be  ^ays  check 

thl  C  St  SSL  £    Pri°lt0  1181118  the  klt'    All  the  parts  included  J„ 
the  C  kit  should  be  used  when  repairs  are  made  to  a  valve. 


NO  RESPONSE  REQUIRED 
THE  END 
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L._  
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FRAME  10 


FRAME  13 


Response  Sheet  3ABR42251-PT-312 
FRAME  12 


i ._ 
2. 


FRAME  13 

No  Response 
Required 

FRAME  14 

No  Response 
Required 
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rO REWORD 

This  programmed  text  is  prepared  for  and  was  validated  with  students 
in  tne  3ABR42231  Ir»s^  actional  System.    The  average  time  required  to 
complete  this  text  was  92  minutes. 

OBJECTIVES 

After  completing  this  programed  text,  you  will  be  able  to: 

1.  Identify  the  major  components  of  the  Airflow  Control  and 
Shut  on  Valve. 

2.  Explain  the  operation  of  the  Airflow  Control  and  Shutoff  Valve. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames."    Read  the  materia1  presented  in  each  frame  and  respond  as 
directed.    After  each  frame  you  are  required  to  answer  true/false 
statements,  multiple  choice  questions,  match  statements,  or  identify 
a  part  on  a  drawing*    DO  NOT  MARK  ±a  THIS  TEXT.    After  making  your 
response,  check  the  accuracy  at  the  top  of  the  following  page.  If 
your  answer  is  not  correct,  go  over  the  material  until  you  understand 
the  reason  for  your  error  before  going  to  the  next  frame. 

INTRODUCTION 

This  text  was  prepared  to  help  you  to  learn  to  maintain  the  Airflow 
Control  and  Shutoff  Valve.    You  will  learn  to  identify  and  explain  the 
function  of  each  of  its  parts 5  and  how  to  make  the  necessary  checks  and 
adjustments    A  numbered  schematic  is  on  the  last  page  at  the  back  of 
the  text f  to  help  you  see  the  telationship  of  the  components.  Remove 
this  page  to  refer  to  as  you  read  this  text.    The  venturi  forms  the 
base  of  the  unit  ana  is  a  source  of  diffetential  pressure  for  operating 
many  of  the  pa^ts.    Tte  servo  controller,  pressure  regulator,  solenoid 
va1ve  "A",  pneumatic  actvator  and  butterfly  assembly  make  up  the  normal 
control  system  of  the  un^t .     Other  parts  that  increase  the  efficiency  of 
the  unit  under  varicus  operating  conditions  are  the  altitude  compensator, 
aolen^id  valve  "B,?t  <?nd  manual  ^ver^ide  control. 


Supersedes   3ABR*2-MJ -PT-^L1  •  ,    **-    '.i-    1  rl,     r.  i:n  ;-av  i 
existing  stocks  at  3  exhausted. 
OPR:  TASTC 
DISTRIBUTION ;  X 

TASTC  -  150;  TTVCt  -  2 
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Frame  1 

The  venturi,  figure  2  on  page  17  (12) t  forms  the  base  for  the 
airflow  control  and  shutoff  valve.    With  no  butterfly  valve,  the 
venturi  is  just  a  flow  limiting  device;  it  is  not  a  flow  control  device. 
Take  a  close  look  at  the  part  with  the  number  12  near  it.    Notice  that 
a  cross  sectional  area  of  the  device  haa  been  reduced  to  a  size  that  is 
somewhat  smaller  than  either  of  the  ends.    This  is  the  throat  of  the 
venturi.    To  the  right  of  the  throat  is  the  inlet  to  the  venturi,  this 
is  the  base.    At  both  the  throat  and  the  base  of  the  venturi  tb^re  are 
tap-off  connections  through  which  air  pressure  is  taken.    One  is  at  the 
throat  (A)  and  the  other  is  at  the  base  (B).     (Just  one  tap-off  connection 
is  ^hown  on  the  schematic  fo^  the  base  of  the  venturi.)    When  a  flow  of 
air  is  sent  through  the  venturi  in  the  direction  shown  by  the  arrow,  it 
gives  an  effect  that  is  known  as  Bernoulli's  principle.    This  principle 
states,  "As  th<°  speed  of  air  through  the  threat  of  the  venturi  increases, 
pressure  at  the  throat  drops." 

Use  figure  2  as  a  guide  to  pick  the  statements  that  are  true  (T) 
and  those  that  are  false  (F) . 

1.  Pressure  is  higher  at  point  A  than  it  is  at  point  B, 

2.  The  venturi  is  a  flow  limiting  ^e/ice. 

3.  High  pressure  is  taken  from  the  ^hroat  of  the  venturi* 

4.  The  venturi  is  a  source  of  differential  pressure. 

3.      As  the  speed  of  air  through  the  throat  of  the  venturi  drops, 
pressure  at  the  throat  will  rise. 


33S3 

Answers  to  Frame  1:     1.  F    2.  T    3.  F    4.  T    5.  T 


Frame  2 


The  servo  controller  (13)  Is  made  up  of  two  diaphragm  control 
sections  (figure  1),  the  main  or  primary  servo  section  and  the 
secondary  servo  section.    Each  servo  section  is  made  up  of  an  air 
chamber  divided  by  a  diaphragm,    A  metering  valve  is  placed  between 
these  diaphragms.    A  spring  in  the  left  side  of  the  secondary  servo 
section  moves  the  metering  valve  to  the  right  (open)  when  air 
pressure  in  both  *ides  of  the  main  servo  section  is  the  same  (no 
airflow  through  the  venturi) ♦    The  metering  valve  is  moved  to  the  left 
(closed)  when  pressure  in  the  left  side  of  the  main  servo  section 
drops.    The  servo  controller  sends  air  to  the  penumatic  actuator.  Air 
for  operation  of  the  servo  controller  and  pneumatic  actuator  comes 
from  the  venturi. 

Use  figures  1  and  2  as  guides  to  pick  the  statements  that  describe 
the  purpose  or  characteristics  of  the  servo  controller.    Answer  the 
statements  as  true  (T)  or  false  (F), 

1.  The  metering  valve  of  the  servo  controller  controls  the  flow 
of  air  to  the  venturi, 

2.  The  metering  valve  of  the  servo  controller  is  set  by 
differential  pressure  and  spring  force, 

3.  The  servo  controller  gets  pressure  signals  from  the 
venturi  throat  and  base, 

4.  The  seconder;  servo  section  gets  air  pressure  from  the 
altitude  compensator. 

5.  When  the  metering  valve  is  moved  to  the  right  it  partially 
blocks  the  outflow  air  passage. 


Answers  to  Frame  2:     1.  F    2.  T    3*  T    4.  T    5.  F 


F  ame  3 


The  metering  valve  is  moved  to  the  right  by  the  spring  when 
there  is  no  pressure  in  the  system*  or  when  pressure  from  the  venturi 
is  the  same  on  both  sides  of  the  main  servo  diaphragm. 

^  fri A i N  SERVO  SECTION 


SECONDARY 
SERVO  SECTION 


I'l 


SPRING 


METERING  V  A  I  \  E 


DIAPHRAGMS 


The  metering  valve  is  moved  to  the  left  when  pressure  at  the  throat 
of  the  ventuxx  drops.     The  flow  of  air  from  the  pressure  regulator  will 
pass  through  the  servo  controller  and  into  the  pneumatic  acfcuator.  This 
flow  of  air  is  partially  blocked  by  the  metering  ^alve. 


TO  P  N  E  U  M  A  T  .  s.  ACTUATOR 
FROM  PRESSURE  REGULATOR 
ATMQSPHERiC  VENT 


»Ow  AiTifyOE  COMPENSATOR 


FPQm  V E N T U R  ■   ■  HliOAT  " 


PROM  VENTU 
BASE 


Figure  1*     Servo  Controller, 


Fran*  3  (Cont'd) 


From  the  right  hand  column  pick  the  statement  that  matches  a 
component  or  part  of  a  component  in  the  left  hand  column.  Each 
response  may  be  used  only  once. 


1. 

Metering  Valve. 

A, 

Senses  differential  pressure 

from  the  venturi. 

2. 

Secondary  Servo  Spring* 

B. 

Controls  airflow  to  the 

3. 

Main  Servo  Diaphragm. 

Pneumatic  Actuator. 

4. 

Venturi. 

C. 

Moves  the  metering  valve  of 

the  Servo  Controller  to  the 

5. 

Servo  Controller. 

right. 

D.      Provides  differential  pressure 
to  the  Servo  Controller. 


E.      Restricts  airflow  to  the 

Pneumatic  Actuator  when  throat 
pressure  of  the  venturi  drops. 


i 


Answers  to  Frame  3t     1*  E    2,  C    3.  A    4.  D    5.  B  '  ag 


Frame  4 

The  pressure  regulator  CI)  keeps  a  low  air  pressure  in  the  control 
system  of  the  airflow  control  and  shutoff  valve*    Air  for  this  system 
comes  from  the  base  tap-off  of  the  venturi.    The  pressure  regulator  is 
a  spring  loaded,  diaphragm  actuated  relief  valve  that  keeps  air  pressure 
in  the  control  system  at  a  pressure  of  12  to  35  psig,  this  v ill  depend 
on  the  supply  pressure  from  the  base  of  the  venturi. 

From  the  list  of  words  provided  at  ibe  bottom  of  the  page, 
complete  each  of  the  statements  concerning  the  venturi,  servo  controller, 
and  pressure  regulator. 

1.  Pressure  for  the  control  system  of  the  airflow  control  and 
shutoff  valve  comes  from  the  _ „__^_____  tap-off  of  the  venturi, 

2.  The  venturi  sends  air  pressure  to  the  

section  cf  the  servo  controller. 

3.  A  pressure  of  12  to  35  psig  is  kept  in  the  control  system 
by  the     . 

4.  Airflow  to  the  pneumatic  actuator  is  controlled  by  the 


5.      Thr  pressure  regulator  is  operated  by  spring  force  and  a 
pneumatic  ♦ 

Select  from  the  following  the  word  or  words  to  complete  the 
statements. 

Main  Servo 

Secondary  Servo 
Venturi 


Pleasure  Regulator 
Base 

Diaphragm 
Lw  Pressure 


Servo  Controller 
Throat 

Metering  Valve 
High  Pressure 


■  •  / 


Aaawere  to  Frame  4;     U  Base    2.  Main  Servo    3.  Pressure  Regulator 
4,  Servo  Controller    5.  llaphragm 


Frame  5 

Air  pressure  from  the  base  tap-off  of  the  venturi  goes  through 
the  filter  (14)  where  bits  of  dirt  are  removed  before  the  air  goes 
*n  the  lower  chamber  of  the  pressure  regulator.    As  pressure  builds 
up  in  the  lower  chamber,  it  lifts  the  diaphragm  up  against  the  force 
of  a  spring  that  is  pushing  down  from  the  top*    As  the  diaphragm  goes 
up,  the  relief  poppet  opens  and  dumps  the  high  pressure  from  the 
control  systems.    The  relief  poppet  is  closed  by  ine  spring  that  pushes 
down  from  the  top. 

Use  figure  2  as  a  guide  to  pic*c  the  statements  that  which 
true  (T)  or  false  (F) ♦ 

1.  Air  for  the  pressure  regulator  comes  from  the  throat  of  the 
venturi . 

2.  The  pressure  regulator  keeps  a  constant  pressure  in  the 
control  system  regardless  of  the  supply  pressure  from  the  venturi. 

3*      The  pressure  regulator  *ends  pressure  directly  to  work  the 
pneumatic  actuator. 

4.      Air  from  the  pressure  regulator  that  moves  the  pneumatic 
actuator  is  controlled  by  the  servo  controller. 

5«      The  s^nro  controller  controls  actuating  pressure  in  the 
control  system* 


Answers  t(  Frame  5:    1.  F    2.  F    3*  F    4.  T    5.  T 


Frame  6 

Solenoid  valve  ?Af  (7)  of  the  airflow  control  and  shutoff  valve 
is  the  ON-OFF  control  for  this  part.  Solenoid  valve  fA?  is  a  DC 
part  that  is  moved  by  aircraft  power.  When  the  air  conditioning  system 
is  shut  down  the  valve  will  be  energized  closed.  Solenoid  valve  fAf  is 
spring  loaded  to  the  open  position.  For  normal  operation,  power  is  not 
sent  to  the  solenoid.  Solenoid  valve  'A?  is  controlled  by  the  main  air 
conditioning  switch. 

Complete  the  statements  by  listing  the  word(s)  in  parentheses 
that  make  the  statement  true. 

1.  Solenoid  valve  *A?  must  be  (energized;  de-energized)  to  close 
the  airflow  control  and  shutoff  valve. 

2.  If  a  power  loss  is  experienced  on  the  aircraft  in  flight, 
the  airflow  control  and  shutoff  valve  wou^d  (close;  operate  normally). 

3.  Solenoid  valve  fA?  is  (energized;  de-en*  *gized)  when  the 
air  conditioning  system  is  in  operation. 

4.  Solenoid  valve  fA*  gets  air  straight  from  the  (venturi ; 
pressure  regulator;  servo  controller). 

5.  When  solenoid  valve  fA*  is  energized,  pressure  at  the  throat 
of  the  venturi  is  mora  than;  the  same  as;  less  than)  pressure  at  the 
base  of  the  venturi. 


Answers  to  Frame  6:     1.  energized    2.  operate  normally    3.  de-energized 

4.  servo  controller    5.  the  same  as 


"^ame  7 

The  pneumatic  actuator  (9)  is  a  spring  loaded,  diaphragm  operated 
device.    It  is  hooked  to  a  butterfly  valve  by  linkage.    The  top  half  of 
the  actuator  is  a  pneumatic  chamber*    The  bottom  half  has  a  vent  to 
the  atmosphere  and  has  two  springs.    These  springs  force  the  diaphragm 
and  linkage  up  to  close  the  butterfly  when  air  pressure  is  removed 
from  'he  top  side  of  the  diaphragm.    When  air  pressure  from  the  servo 
controller  goes  through  the  de-energized  solenoid  valve1 A1  to  the  top 
half  of  the  pneiaaatic  actuator,  the  diaphragm  and  linkage  are  forced 
down.    This  will  cause  the  butterfly  valve  to  open.    When  solenoid 
valve  !Af  is  energized,  air  pressure  to  the  top  half  is  shut  off. 

Use  figure  2  as  a  v$uide,  give  the  number  in  figure  2  that  identifi 
each  of  the  major  components  listed. 


1. 

Pneumatic  Actuator. 

2. 

Servo  Controller. 

3. 

Solenoid  Valve  'A' * 

4. 

Venturi. 

Pressure  Regulator. 

6. 

Filter. 

Wo 

Answers  to  Frame  7;     1#  (9±    2,   (13)     3,  ij±    4,   (12)     5.   (I)     h,  (14) 


Fr  ane  8 

The  altitude  compensator  (5)  is  an  aneroid  controlled  metering 
valve.    The  aneroid  is  an  evacuated  container  that  has  a  set  internal 
pressure.    With  a  rise  in  the  altitude  of  the  aircraft,  the  aneroid 
expands.    At  a  set  altitude,  the  aneroid  will  expand  enough  to  let 
pressure  from  the  control  system  to  go  in  the  left  side  of  the 
secondary  servo  and  force  the  diaphragm  and  metering  valve  to  the  right. 
This  will  let  more  air  to  flow  to  the  pneumatic  actuator  and  will  cause 
the  butterfly  to  open  more  and  cause  the  flow  of  more  a-,  to  the  air 
conditioning  package*    On  the  other  hand,  as  che  aircraft  comes  down 
from  high  altitudes  the  aneroid  contracts  and  w *e  metering  valve  starts 
to  close,  thus  raducing  airflow  to  the  secondary  *ervo.    The  altitude 
compensator  works  with  the  servo  controller  to  ma^taiu  a  constant 
pneumatic  pressure  to  give  a  constant  air  output. 

Answer  the  statements  as  true  (T)  or  false  (,F)  . 

1.  The  altitude  compensator  will  cause  an  increase  in  the 
flow  of  air  to  the  air  conditioning  package  at  high  altitudes. 

2.  As  aircraft  altitude  increases,  the  aneroid  in  the  altitude 
compensator  contracts. 

3.  The  metering  valve  of  the  altitude  compensator  controls  the 
flow  of  air  to  the  secondary  servo  diaphragm, 

4.  As  the  aneroid  expands,  the  flow  of  air  to  the  air  conditioning 
package  is  reduced , 

5.  Whan  the  aneroid  of  the  altitude  compensator  has  expanded, 
the  butterfly  valve  <f  the  airflow  control  and  shutoff  valve  will 
open. 


Anlwera  to  Frame  8:     1 •  T    2  *  F    3 »  T    4  *  F  5, 


Frame  9 


Solenoid  valve  fBf  (2)  is  a  direct  acting  valve  that  is  spring 
loaded  closed.    Solenoid  valve  'B*  is  used  just  for  ground  schedule 
operation.    Just  when  the  gas  turbine  compressor  is  used  as  the  source 
of  operating  air  for  the  air  conditioning  package.    When  solenoid  valve 
fB*  is  energized,  a  small  amount  of  air  is  moved  from  the  left  side  of 
the  main  servo  section.    The  higher  pressure  on  the  right  side  of  the 
main  »crvo  diaphragm  will  force  the  diaphragm  and  metering  valve  to 
the  left  and  restrict  the  flow  of  air  to  the  pneumatic  actuator. 
When  solenoid  valve  ?Bf  is  energized  the  flow  of  air  to  the  air 
conditioning  package  is  stopped. 

Answer  the  statements    >s  true  (T)  or  false  (F).    Use  the  foldout 
if  necessary* 

1.  When  the  gas  turbine  compressor  is  used  as  the  source  of  air 
for  system  operation,  solenoid  valve  fBf  is  de-energized* 

2.  When  solenoid  valve  1 B *  is  energized,  the  metering  valve  of 
the  servo  controller  will  move  to  the  left. 

3.  ^hen  in  the  ground  schedule  operation  of  the  air  conditioning 
system,  solenoids  !Af  and  fBf  are  both  energized. 

4.  When  solenoid  valve  fBf  is  energized,  the  flow  of  air  to  the 
air  conditioning  system  is  stopped. 

5.  Throat  pressure  from  the  venturi  is  controlled  by  solenoid 
valve  fBf  in  the  ground  schedule  operation. 


Answers  to  Frame  9;     1*  F    2.  T    3.  F    4.  T    5.  T 


Frame  10 

The  manual  override  control  (6)  is  an  emergency  system.    It  will 
start  or  stop  the  flow  of  air  to  the  pneumatic  actuator  should 
solenoid  valve  'A'  fail  in  the  closed  position.    Air  for  this  operation 
cornea  from  the  pressure  regulator  through  the  servo  controller.  An 
air  line  is  used  to  send  air  to  the  pneumatic  actuator.    The  manual 
override  control  is  a  cam  and  poppet  that  is  moved  by  a  TELEFLEX  cable. 
When  the  handle  of  the  teleflex  control  is  placed  to  the  open  position, 
the  cam  is  turned  and  will  push  on  the  right  hand  poppet  and  cause  the 
poppet  to  open.    Air  is  then  sent  to  the  top  side  of  the  pneumatic 
actuator.    This  will  cause  the  butterfly  valve  to  open.    Once  the 
butterfly  is  open  the  flow  of  air  is  metered  by  the  servo  /controller 
to  the  pneumatic  actuator.    This  maintains  a  constant  flow  of  air  to 
the  air  conditioning  system.    To  shut  the  system  down  (OFF)  "the  remote 
control  is  placed  to  the  closed  position;  again,  the  cam  is  turned, 
and  will  let  the  right  hand  poppet  close  as  the  left  poppet  is  opened 
by  the  cam.    With  the  left  hand  poppet  open  air  is  dumped  from  the 
pneumatic  actuator  top  side  and  the  butterfly  valve  will  close.  This 
stops  the  f   w  of  air  to  the  air  conditioning  system. 

Use  figure  2  as  a  guide  to  answer  the  statements  as  true  (T)  or 
false  (F). 

1.  A  remote  controlled  cam  and  two  poppets  control  the 
pneumatic  actuator  when  solenoid  valve  fAf  fails  in  the  closed  position, 

2.  The  airflow  control  and  shutoff  valve  will  not  automatically 
keep  a  calibrated  airflow  when  the  manual  override  control  is  being 
used. 

3.  The  manual  override  control  bypasses  solenoid  valve  'A1 . 

4.  The  servo  controller  will  meter  the  flow  of  air  to  the  pneumatic 
actuator  when  the  manual  control  is  being  used. 

5.  The  teleflex  cable  directly  controls  the  poppet  valves  of 
the  manual  override  control* 


13 


Answers  Co  Frame  10:     1.  I    2.  F    3.  I    4.  I    5.  F 


Frame  II 


From  the  right  hand  nolumn*  pick  the  statement  that  best  describes 
the  purpose  or  operation  of  each  of  the  components  in  the  left  hand  column. 


1.  Vanturi  A. 

2.  Solenoid  Valve  'A1 

3.  Servo  Controller  B, 

4.  Manual  Override 

Control  C. 

5 .  Pressure  Regulator 

6.  Solenoid  Valve  fBf  D. 

7.  Altitude  Compensator 

E. 

8.  Pneumatic  Actuator 

F. 
G. 
H. 


Increases  airflow  to  the  air 
conditioning  package  at  high 
altitude* 

Provides  differential  pressure 
for  the  control  system. 

Controls  airflow  to  the  pneumatic 
actuator  when  solenoid  valve  fA* 
is  inoperative. 

Meters  airflow  to  the  pneumatic 
actuator* 

Reduces  pressure  in  the  control 
system* 

Controls  the  amount  of  airflow 
to    he  air  conditioning  system. 

Turns  the  air  conditioning  system 
ON  and  OFF. 

Is  uaed  to  control  system  operation 
when  the  aircraJt  is  on  the  ground, 


Answers  to  Frame  li:    1.  B    2.  G    3.  D    4.  C    5.  E    6.  H    7.  A    S.  F 


Frame  12 

Now,  just  as  a  review,  write  the  names  of  the  major  coi  ^onents 
that  corresponds  to  the  numbers  in  parenthe/es.    Use  figure  2,  if  you 
must,  to  help  you  name  all  of  tuem. 

(S) 

2.  (13) 

3.  (5) 
(1) 

O) 

\  1*  ) 

(12) 

(7) 

(z; 


^h,  ye-2.  \  You  can  check  veur  responses  to  this  fiame  at  the  top  of  the 
next  page . 


LJ 


23  ?f 

Answers  to  Frame  12: 


1.  Manual  Override  Control 

2.  Servo  Controller 

3.  Altitude  Compensator 

4.  Pressure  Regulator 


5.  Pneumatic  Actuates 

6.  Filter 

7.  Venturi 

8.  Solenoid  Valve  'A 

9.  Solenoid  Valve  'S 
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BENCH  TESTING  ELECTRIC  MOTOR  ACTUATED  VALVES 

OBJECTIVES 

The  objectives  are  listed  at  the  beginning  of  each  section. 
EQUIPMENT 

Each  section  has  an  equipment  list. 
PROCEDURE 

The  procedures  that  are  used  to  complete  thi^  workbook  are 
listed  in  each  section.     The  first  three  sections  are  for  the  bench 
check  of  electric  motor  actuated  valves. 

Section  I  -  BENCH  CHECK  OF  TWO  AND  ONE -HALF  INCH 
fflAMETER  MODULATING  ELECTRIC  AIR  SHUTOFF  VALVE 

OBJECTIVES 

Aft»»r  complying  Section  I  of  this  workbook,  you  will  be  able  to: 

1.      Interpret  operating  specifications  for  valve  part  number  (P/N) 
1C4248-3  from  applicable  technical  order. 

2        Bench  check  the  butterfly  valve  for  correct  electrical 
operation. 

3.      Bench  test  the  butterfly  valve  for  excessive  port  leakage. 
Standard  of  performance:  ^  , 

Your  performance  will  be  evaluated  by  an  instructor  using  a 
criterion  referenced  checklist.*    A  minimum  of  70%  accuracy  must  ue 
made  for  satisfactory  completion  of  the  objectives. 

EQUIPMENT 

Basis  of  Issue 
Electrical  Pneumatic  Trainer  No.  3038      1/2  students 
Valve  Part  No.  104248-3  1/student 
Technical  Order  9P5-14-3-3  1/student 
TO  Index  1/student 

PROCEDURE 

1.      Use  trainer  numoer  3038  tc  make  a  port  leakage  test  of  an 
electric  air  shutoff  valve*     This  check  is  to  find  how  much  air  leaks 
past  the  valve  butterfly  when  11  is  in  the  closed  position.  Use 
figure  1  to  find  ;he  following  items  and  familiarize  yourself  with 
the  trainer. 


A.  Voltage  Adjustment  Potentiometer      D.      Precision  Timer 

B.  Low  Capacity  Flowmeter  E.      Pneumatic  Patching  Panel 

C.  Electrical  Patching  Panel  F.  Manometers 

Figure  1.     Trainer  No.  3038  -  Electric  Pneumatic  Timer. 

a.  Voltage  adjustment  potentiometer  (A).     This  unit  adjusts 
the  DC  voltage  on  the  trainer. 

b.  Low  capacity  orifice  flowmeter  (B) .    An  orifice  is  put 
in  this  part  of  the  trainer  to  keep  a  differential  pressure  at  the 
manometers • 

c.  Electrical  patching  panel  (C) .     Electrical  vires  will 
be  hocked  frura  this  panel  to  the  valve  under  test. 

d.  Precision  timer  (D)  .     Times  the  cycling  time  of  the 
unit  under  test.     Press  down  on  the  black  lever  to  reset  before  each 
test. 


e.      Pneumatic  patching  panel  (E)  .     Hoses  w^'ll  be  hooked 
from  this  panel  to  the  valve  under  test. 


mi 

f.      Manometers  (F) .    These  are  pressure  measuring  devices 
and  will  be  taught  later. 

Caution:    At  this  point  make  sure  that  you  have  removed  your 
jewelry, 

2.      Go  to  equipment  locker  number  2  and  get  a  shutoff  valve, 
Part  Number  104248-3. 

a.  Use  the  indexes  on  the  TO  file  cabinet  to  find  (by 
part  number)  the  Perts  Breakdown  T^attal  Order  for  this  valve. 

b.  Answer  the  following  question. 

(1)    What  is  the  correcL  TO  number?   ,  _  


3.      Get  the  cOirect  TO  from  the  TO  file  cabinet, 


a . 


In  the  TO  find  the  operating  specifications  for  valve, 
Part  Number  *  104248-3,  and  complete  the  following  statements, 

(1)  Operating  inlet  air  pressure  is   .   

(2)  Operating  voltage  is  .  


(3)     Operating  current  (amperage  draw)  is 


Note:  The  ammeters  A0,  B0,  and  C0  are  calibrated  in  milliamps, 
(.1  amp  =  100  milliamps.) 


(4)  Cycling  time  open  to  close  is 

(5)  Cycling  time  close  to  open  is 


b.      Visually  inspect  the  valve  for  the  following: 

(1)  Corrosion  on  the  housing. 

(2)  Cracked  valve  housing. 

(3)  Damaged  threads  on  the  cannon  plug. 


QUESTION 


What  does  the  TO  say  about  removing  minor  nicks,  scratches,  burrs 
and  mild  corrosion  from  steel  parts?   


4.      Trainer  Preparation. 

a.      Make  sure  that  each  switch  is  in  the  OFF  position, 
Switch  S-5  doca  not  have  to  be  moved  at  this  time. 
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2V03         b       Plug  the  trainer  power  cables  in  the  proper  wall 
receptacle.'  Make  sure  that  all  circuit  breakers  on  the  left  end 
of  the  trainer  are  pushed  IN. 

5.  Electrical  Hookup. 

a.  Follow  the  hookup  shown  in  fcldout  1  near  the  end  of 
this  workbook. 

b.  Hook  the  connector  plug  of  the  valve  to  the  correct 
electrical  pins  on  the  trainer  electrical  patching  panel. 

c.  Use  the  trainer  wires  to  make  these  connections. 

Caution:    At  this  point  check  the  connections  before  you  go ■ to 
the  next  step.     This  prevents  the  danger  of  a  short  circuit  due 
to  crossed  wires.     Have  the  instructor  check  your  hookup. 

6.  Operation  of  the  Valve. 

a.  Flace  switch  S-l  to  the  ON  position.    This  turns  on 
the  power  to  the  trainer.     Place  switch  0  SEL  to  10.     The  AC 
voltmeter  should  show  110  to  120  volts.     The  DC  voltmeter  should 
show  24  to  28  volts.     If  you  do  not  have  these  readings,  recheck  your 
hookup  and/or  the  voltage  adjustment  potentiometer  (see  (A)  in 
figure  1).    The  potentiometer  should  be  sit  to  full  increase. 

b.  Check  the  valve     ^sition  to  find  if  the  valve  is  opened 

or  closed. 

(1)  If  the  valve  is  open,  place  switch  S-5  to  the 
CLOSE  position.    The  valve  should  close. 

(2)  If  the  valve  is  closed,  place  switch  S-5  to  the 
OPEN  position.    The  valve  should  open. 

c       Complete  the  following  statements.    First  put  the  valve 
in  position  to  make  the  check-    Take  the  readings  from  the  correct 
meters  or  gages  on  the  trainer. 

Note:    Reset  the  timer  before  operating  the  valve. 

(1)  Place  witch  S-5  to  the  open  position. 

(2)  While  valve  is  operating,  move  0  SEL  (phase 
selector)  switch  to  A  0,  B  0  and  then  C  <t  in  turn.     Read  the  AC 
voltmeter.    Be  sure  to  take  the  readings  from  each  ammeter  and  AC 
voltmeter  before  the  valve  reaches  the  OPEN  position. 

(3)  Operating  voltages  are:    A  phase    • 

B  phase  c  Phase     * 

(4)  Operating  cm  rent  (amperage  draw)  for  each  phase 
is:    A  phase   ,  B  phase  C  phase   • 


ERIC  D'J 


seconds* 


(5)    Cycling  cime  from  close  to  open  Is 


(6)     Now  place  switch  S-5  to  the  CLOSE  position. 


(7)     While  valve  is  operating  move  0  SEL  (phase 
selector)  switch  to  A  0,  B  0  and  then  C  0  in  turn.    Read  the  AC 
voltmeter.     Be  sure  to  take  the  readings  from  each  ammeter  and  AC 
voltmeter  before  the  valve  reaches  the  CLOSED  position,. 


B  phase 


(8)  Operating  voltages  are:  A  phase 
 ,  C  phase   . 


is  A  phase 


(9)  Operating  current  (amperage  draw)  for  each  phase 
 ,  B  phase  ,  C  phase  ♦ 


(10)     Cycling  time  from  open  to  close  is 


seconds. 


tions? 


7. 


(11)  Does  the  valve  operate  according  to  TO  specifica- 

(12)  Place  switch  S-l  to  the  OFF  position. 
Port  Leakage  Hookup. 
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a.  Figure  2  gives  the  proper  way  to  hook  the  valve  to 
the  trainer.    The  heav*",  black  lines  show  how  to  hook  each  hose  in 
order  to  make  this  check. 

b.  Make  the  necessary  connections  using  the  hoses  provided 
in  the  bottom  of  the  trainer  cabinet. 

EXAMPLE:    Hook  one  end  of  a  hose  to  connection  7D  on  the  trainer 

and  connect  the  other  end  of  the  same  hose  co  connection  5A.  Continue 

until  each  hose  is  connected.     DO  NOT  use  a  wrench  to  tighten  the  "B" 

nuts  (hose  connections)  as  finger  tightness  is  sufficie  t  for  this 
*test. 

c.  Check  the  valves  and  regulators  on  the  trainer  to  be 
sure  they  are  in  the  correct  posit  ions • 

(1)  Valves  V8  and  V9  are  closed.     (Full  clockwise) 

(2)  Valve  V10  is  open.     (Full  counterclockwise) 

(3)  Turn  regulators  R2  and  R3  counterclockwise  until 
they  turn  freely.     DO  NOT  turn  the  regulators  too  far  or  they  will 
fall  out  and  cause  loss  of  air  pressure. 

d.  At  this  point  let  us  take  a  few  minutes  to  read  about 
manometers.     These  instruments  are  used  for  measuring  differential  or 
absolute  pressures.     There  are  several  types  of  liquids  used  in 
niano:neters.     Oil,  water  (H2O)  or  mercury  (Hg)  is  used.    The  M-l 
nanometer  is  filled  with  mercury  and  the  M-2  manometer  is  filled  with 
water. 
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e.      Manometer  Settings. 


(1)  Place  the  M-l  manometer  on  the  inches  mercury 
scale.    The  scale  starts  at  28  Hg.    This  is  the  manometer  on  the  far 
left  as  you  face  the  trainer.     Turn  the  scale  (set  the  scale  by  turning 
the  knobs  at  the  bottom  of  each  manometer)  so  that  the  top  of  the 
mercury  bubbles  (meniscus)  is  set  to  the  barometric  pressure  of  the 
day.    Since  we  have  no  barometer  here  in  the  laboratory  set  the  scale 
at  30  Hg  which  is  very  close  to  the  average  daily  barometric  pressure. 

(2)  Place  the  M-2  manometer  on  the  inches  water  scale 
so  that  the  bottom  of  the  bubble  is  on  zero. 

(3)  Remove  the  steel  cap  from  the  1  1/4  inch  pipe. 
This  pipe  comes  out  from  the  left  end  of  the  trainer.  Air  can  now 
flow  through  the  orifice  to  the  atmosphere. 


8.      Port  Leakage  Test. 


a.  If  you  have  followed  the  instructions  carefully  up  to 
now,  the  position  indicator  on  the  valve  should  show  full  CLOSED 
position. 

b.  Turn  V-3  full  counterclockwise.    Air  pressure  is  now 
at  the  trainer. 


c.      Valve  V-10  should  have  been  opened.    This  gives  a 
path  for  the  exhaust  of  air  from  the  shutoff  valve." 

d*      Turn  R-3  clockwise  until  70  psig  shows  on  pressure 
gage  P-l.    DO  NOT  let  the  water  in  manometer  M-2  to  rise  above  55 
inches.    This  is  to  keep  you  from  accidentally  pushing  tho  water 
out  of  the  top  of  the  manometer. 


TO  TOP  OF  M-2 
(LOW  PRESSURE) 


TO  BOTTOM  OF 
M-l  AND  M-2 
(HIGH  PRESSURE) 


DISCHARGE  TO 
ATMOSPHERE 


PRESSURE 
SOURCE 


TURBULENCE  CAUSED 
BY  ORIFICE 


Figure  3.     Typical  Orifice  in  a  Duct. 
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e       Trace  the  air  flow  through  the  trainer  and  valve 
(figure  2).'  Air  in  the  trainer  flows  through  V-3  and  R-3  to  connection 
7D  from  7D  through  pressure  gage  PI  and  then  to  the  valve.     Even  though 
the  valve  is  closed,  some  air  leaks  through  and  goes  through  V-10  and 
on  to  the  orifice.     Air  flow  from  the  upstream  side  of  the  orifice 
goes  through  connection  7F  to  El.     From  El  air  flows  to  the  bottom 
of  Ml  and  at  the'same  time  air  flows  through  fitting  Fl  to  F2  and  to 
the  bottom  of  M-2.     The  mercury  manometer  (M~l)  now  reads  the  absolute 
pressure  that  goes  through  the  valve  .  nd  to  the  orifice.     This  high 
pressure  will  push  the  water  up  in  manometer  M-2.    After  the  air  g°«  . 
through  the  orifice,  the  Pressure  will  drop  due  to  turbulence  caused  by 
the  resttiction  (see  figu   .  3).     This  low  pressure  air  flows  through 
fitting  6F  to  B2  and  in  the  top  of  manometer  M-2  and  tries  to  push 
the  water  down.    The  two  air  flows  meet  and/stabilize  in  M-2.  This 
is  where  the  differential  pressure  reading  is  made.    You  will  use 
this  reading  (value)  later  on  to  find  if/the  valve  is  leaHPg  too 
much. 

f.  What  is  the  reading  on  the  M  l  manometer?   

Keep  in  mind  your  answer  must  be  in  inches  rig. 

g.  What  is  the  reading  on  the  M-2  manometer?  _  

This  time  your  answer  must  be  in  inches  H^O. 

Note:     See  if  the  instructor  wants  you  to  use  these  values. 

h        The  next  step  is  to  find  if  the  leakage  in  the  vc'.ve 
is  within  normal  limits.     There  is  some  math  used  here  so  before 
we  start  figuring,  first  drop  pressure  on  the  trainer  to  be  safe. 

i.      Turn  regulator  R-3  counterclockwise  until  it  turns 
freely  and  pressure  gage  P-l  drops  to  zero. 

j.      Close  shutoff  valve  V-3  (full  clockwise). 

k        The  amount  of  air  that  goes  through  the  closed  butterfly 
is  measured' in  pounds  per  minute  (PPM) .     The  formula  used  to  determine 
the  amount  of  leakage  is  as  follows: 

17.35  X  ?1 
™  =  T1  +  460-   X  AP 

1        Do  not  panic  now!     Let  us  see  just  what  all  of  this 
neans      First,  SAP  is  called  SIGMA,  DELTA ,  P.     The  number  on  the  right 
side  of  the  equal  sign  is  call-  1  the  conversion  factor.     The  urst 
thing  that  must  be  done  is  to  make  this  conversion  factor  into  a 
single  number.     We  do  this  by  converting  all  of  the  unknown  figures 
such  as  P,,  T,,  and  AP,  into  known  ones.     ?1  is  the  M-l  m.  oreter 
r  ading.  V.P  is  the  M-2  nanometer  reading  (the  difference  <n  pressure 
between  one  side  of  the  orifice  and  the  other).     Tj  is  the  torapornture 
of  the  air. 

Note:     Until  the  trainer   is  equipped  with  a  thermometer,  you 
will  need  to  use  the  one  in  the  window  at  the  end  of  the 

t  ibomtory. 
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m.      Rewrite  the  formula  with  tfee  known  figures  in  place 
of  the  unknowns.     Solve  a  problem  just  for  practice. 

n.      Assume  we  have  just  made  some  readings.    M-1  manometer 
reads  33,  M-2  manometer  reads  26  ana  the  temperature  is  6a°F. 


Mo* 


STEP  1:      WRITE  THE  FORMULA. 

STEP  2:      REWRITE  THE  FORMULA  USING  KNOWN 

NUMBERS  IN  PLACE  OF  UNKNOWN  ONES. 
?1  -  33,  AP  =»  26',  Tx  =  68 

STEP  3:      MULTIPLY  17.35  by  ?1  (33).  DON'T 
FORGET  THAT  DECIMAL  POINT. 


STEP  4:      NOW,-  ADD  460  TO  T1  (68). 


460 
+68 
528 


STEP  5:      AT  THIS  POINT,  REWRITE  THE  FORMULA 
TO  SEE  WHAT  YOU  HAVE  THUS  FAR. 


ZAP  - 


EAP  - 


17.35  X  P 
f7  +.460 

17.35  X  33 
68  +  460 


17.35 
X  33 
5205 

5205 

572.55 


X  AP 


X  26' 


EAP  *  X  26 


STEP  6:      DIVIDE  THE  BOTTOM  HALF  OF  THE  FRACTION 
INTO  THE  TOP  HALF.     CARRY  OUT  TO  ONLY 
TWO  DECIMAL  PLACES.  , 


1.08 
528>/572.55 
528 
4455 
4224 
231 


STEP  7: 


AGAIN,  REWRITE  THE  FORMULA. 

MULTIPLE  JNOH  AGAIN,  DON'T  FORGET 
THE  DECIMAL  POINT. 


EAP  =  1.08  X  26 


1.08 
X  26 
648 
216 
28.08 


(t 


STEP  8'      THE  ANSWER  IS  ROUNDED  OFF  TO  THE  NEAREST  WHOLE  NUMBER  MAKING 
IT  AN  EVEN  28.     THEREFORE,  E*P  =  28  WHICH  IS  THE  FINAL 
CONVERSION  FACTOR. 

STEP  9:      Figure  4  is  a  flow  chart  that  will  show  the  allowable 

leakage  of  a  valve  when  the  leakage  test  is  made  using  an 
.150  orifice.  Since  the  3038  trainer  has  this  type  of  an 
orifice,  let  us  see  hov  the  flow  chart  works. 

(1)    Find  the  conversion  facto?    (28)  on  the  left  side  of 
the  chart.    Follow  that  horizontal  line  to  the  right  until 
it  intersects  with  the  diagonal  line. 


ERIC 


57b* 


rot  Aimows  through  a  o  iso  inch  ohifice  in  a  i  o  inch  id  mite*  section 

LTL 


CI 


02 


03  04       05     06   07   08  0?.1  .15 

Air-flow  in  pounds  par  minute 


41.740 


Figure  4-    Air  Flow  Chart. 

(2)  At  the  point  .where  the  tvo  lirfes  intersect,  follow 
the  vertical  line  to  the  bottom  of  the  chait.    As  you  can 
see,  the  line  ends  at  the  bottom  of  the  chart  on  the 
number  .12.    This  means  that  the  valve  under  test  is 
leaking  at  the  rate  of  .12  PPM. 

(3)  Now  that  you  know  how  much  the  valve  is  leaking 
(.12  PPM),  go  to  the  TEST  PROCEDURES  section  of  the 
applicable  TO.     Find  the  maximum  allowable  leakage  for 
that  valve.     If  the  leakage  is  too  much,  the  TO  will 
tel  i  you  what  to  do. 


( 
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•  *  * 


o.      Use  the  same  formula  and 'the  same  procedure  to  find 
the  port  leakage  of 'the  valve  thpt  you  are  tcstlig. 

Note:    Different  valves  have' different  .allowable  port  leakages. 
The  procedure  for  port  leakage  testing  is"  the  same  for  all 
valves.    Read  the  TEST  PROCEDURES  section  of  the  applicable 
TO-|b  find  the  amount  of  allowable  port  leakage. 

Use  the  TO  to  complete  the  following  statements. 
»  i 

(1)  The  TO  shows  that  the  maximum  allowable  port 
leakage  for  the  valve  is  _____  Per  minute'  * 

(2)  •  Is  the  valve  leaking  too.  much?  


(3)     If  leakage  is  more  thah/_he  specified  amount, 

or  fix  other  causes' 


of  leakage  before  going  to  the  ouh_r  tests. 

Note:    At  this  time  have  the  instructor  check  your  work. 

q.      Conclusion  of  leakage  test.-  -  % 

(1)  Disconnect  and  plug  the  end  of  each  hose.  Store 
them  in  the  bottom  of  the  trainer  cabinet. 

(2)  Remove  all  electrical  wires. and  lay  them  to  one 
side  for  the  next  project.  ' 

(3)  Cap  all  ports  and  cover  the  electrical  connectors 
on  the  valve.     Stow  the  valve  in  equipment  locker- number  2. 

(4)  If  any  of  the  equipment  (hoses,  wires,  nuts,  caps, 
plugs)  was  damaged  or  missing,  notify  the  instructor  and  he  will  see 
that  corrections  are  made. 

(5)  If  no  discrepancies  were  noted,  start  on  the  next 

project. 
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2^'/  Section  II  -  BENCH  CHECK  OF  THE  MOTOR 

ACTUATED  BUTTERFLY  ShUTOFF  VALVE  ASSEMBLY 

OBJECTIVES 

After  completing  Section  II  of  this  workbook,  you  will  be  able 
to:.       ^  %  , 

N        1.    : Interpret  operating  specifications  for  valve  P/N  121535-1 
frm  the  applicable  technical %order.  *   4        .  1 

'        ;  ' 

2.      Bench  check  the  butterfly  valve  for  correct  electrical 
operation*  »  4 

Standard  of  perforniaAce.,       ^  } 

Your  performance  will  be  evaluated  according  to  an  instructor 
\checklist.    A  minimum  of  70%  accuracy  must  be  obtained  for  satisfactory 

completion  of  the  objectives. 

■»         *  , 

EQUIPMENT 

Basis  of  Issue 
Electrical  Pneumatic  Trainer  No,  3038      1/2  students 
Valve  Part  HTo.  121535-1  1/student 
Technical  Order  15A2-2-52-83  1/student 
TO  Index  1/student 

Procedure 

!•      Use  trainer  number  3038  to  bench  check  a  motor  actuatt  ! 
butterfly  shutoff  valve.     This  check  is  to  flrd  if  the  valve  meets 
the  technical  order  operating  specifications  and  to  check  the 
butterfly  valve  for  correct  electrical  operation. 

2.    'Go  to  equipment  locker  number  2  and  get  the  shutoff  valve 
assembly  with  the  part  number  121535-1. 

-a.      Use  the  indexes  on  the  TO  file  cabinet  and  find  (by 
part  number)  the  Parts  Breakdown  Technical  Order  for  this  valve. 

b.      Answer  the  following  question.. 

(1)    What  is  the  correct  TO  number?   


3.      Get  the  correct  TO  from  the  TO  file  cabinet. 

a.      In  the  TO  find  the  operating  specifications  for  valve 
part  number  121535-1  and  complete  the"  following  statements. 

(1)  Operating  pressure- differential  across  the 
butterfly  at  +570°F  is   _»  ^ 

(2)  Operating  voltage  is  . 
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(3)     Still  current  at *26V  DC  and  +21°C  Is 
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(4)  Operating  time  from  opan  to  close  is 

(5)  Operating  time  from 'close  to  open  is 


V 


b.      Visually  inspect  the  valve  for  the"  followingh 

(1)  Corrosion  on  the  butterfly  and  housing.* 

(2)  Cracked  valve  housing.  > 

(3)  Damaged  threads  on  the •  electrioal^ftnnector >£lug. 


QUESTION 


What  should  be  done  if  any  component  of  the  shaft  assembly  or 
disc  assembly  shows  wear  or  damage  beyond  minor  repair?   


4.      Trainer  Preparation.  ^ 

a.  Make  sure  that  eactf  switch  is  j.n  the  OFF  position. 

b.  The  trainer  ^hould-stlll  be  hooked  to  the  proper  wall 
receptacle  from  the  previous  test. 

.5.      Electrical  Hookup*  * 

a.  Rllow  the  hookup  shown  on  foJ.dout  2. 

b.  The  connections  Will  be  wade  with  ttte  wifes  at  the 
trainer.  ~  %  , 

c.  Hook  the  connector  plug  of  the  valve  to^the  correct 
electrical  pins  on  the  trainer  electrical  patching  panel. 

*    .«■>  . 
Caution:    At  this  point  check  the  connections  before  you  gt>  to 
the  next  step...  This  prevents  the  danger  of  a  short  circuit  Jue 
to  crossed  wires.  \H&ve  the  instructor  check  ypur  hookup* 

6.      Operation  of  the  valve. 

Place  switch  S-l  to  the  ON  position.     This  turns  on 
the  power  to  the  trainer.    Place  switch  0  SEL  to  10.    The. AC  volt- 
meter should  show  110  to  120  volts.    The  DC  voltmeter  should  show  24 
to  28  volts.     If  you  do  not  have  these  readings^,  recheck  your  hookup 
and/or  the  voltage  adjustment  potentiometer  (see  (A)  in  figure  1).. 
Th<   potentiometer  should  be  set  to  full  increase. 

b.      Check  the  valve  position  indicator  to  see  if  the  valve 
is  opened  or  closed. 

(1)     If  the  valve  is  op*en#  place  switch  S-2  to  the  \\2 
position  and  the  valve  should  close. 
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(2)     If  the  valve  is  closed,  place  switch  S-2  to  the 
#3  position  and  >^e  valve  should  open. 

c.  Complete  the  following  statements.  First  put  the 
valve  in  position  to  make  the  check.  Take  the  readings  from  the 
correct  meters  or  gages  on  the  trainer. 

Note:     Reset  the  timer  before  operating  the  valve. 

(1)     Cycling  time  from  open  to  close  is   


seconds. 

(2)  Operating  voltage  is    vclts  DC.  Be 

sure  to  read  che  DC  voltmeter. 

(3)  Operating  current  (amperage  draw)  is  —  

amps.    Be  sure  to  read  the  DC  ammeter. 

Nete:     Reset  the  timer. 

(4)  Place  switch  S-2  to  the  appropriate  position  and 
complete  the  following  statements. 

(5)  Cycling  time  from  close  to  open  is   

seconds. 

(£)  Operating  voltage  is  volts  DC.  Be 

sure  to  read  the  DC  voltmeter. 

(7)  Operating  current  (amperage  draw)  is  i  

amps.    Be  sure  to  read  the  DC  ammeter. 

(8)  Does  the  valve  operate  according  to  the  TO 
specifications?  

\^  (9)     Place  switch  S-l  to  the  OFF  position. 

7.      Disconnect  the  valLfe  from  therfrainer. 

[  r 

a.      Remove  the  electrical  wires  connecting  the  valve  to 
the  trainer  and  lay  them  aside  for  the  next  project 


ts  and  cove^  electrical  connectors  cn 


*\b.      Cap  all  port 
the  valve.     Stow  the  veive  in  equipment  locker  number  2. 

\^         c.      If  any  of  the  equipment  (wires,  caps,  plugs)  was 
damaged  or  missing,  notify  the  instructor  and  he  will  see  tffat 
corrections  are  made. 

8.      If  no  discrepancies  were  noted,  go  to  "he  next  project. 

3 
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Section  III  -  BENCH  CHECK  OF  THE  POWER  OPERATED  BUTTERFLY  VALVE 
OBJECTIVES 

After  completing  this  section  of  the  workbook,  you  will  be  able 
to:  ^ 

1.  Interpret  operating  specifications  for  valve  P/N  657T100-5 
from  the  applicable  technical  order. 

2.  Bench  check  the  butterfly  valve  for  correct  electrical 
operation. 

3.  Indicate  a  working  knowledge  of  the  various  tasks  by  answering 
the  questions  in  this  workbook. 

Standard  of  performance:  r* 

Youi  performance  will  be  evaluated  according  to  an  instructor 
checklist.    A  minimum  of  70%  accurapy  must  be  obtained  for  satis- 
factory completion  of  the  objectivef. 

EQUIPMENT 

Basis  of  Issue 
Electrical  Pneumatic  Trainer  No.  3038      1/2  students 
Valve  Part  Noc  657T100-5  l/student 
Technical  Order  15A2-2-92-3  l/student 
TO  Index  l/student 

PROCEDURE 

1.  Use  trainer  number  3038  to  bench  check  a  power  operated 
butterfly  valve.    This  check  is  to  find  if  the  valve  meets  the 
technical  order  operating  specifications  and  to  check  the  butterfly 
valve  for  correct  electrical  operation. 

2.  Go  to  equipment  locker  number  2  and  get  the  valve  assembly 
with  the  part  number  657T100-5. 

a.  Use  the  indexes  on  the  TO  file  cabinet  and  fin«f  (by 
part  number)  the  Parts  Breakdown  Technical  Order  for  this  valve. 

b.  Answer  the  following  question. 
(1)    What  is  the  correct  TO  number?   


3.      Get  the  correct  TO  from  *.he  TO  filu  cabinet. 

a.      In  the  TO  find  the  operating  specifications  for  the 
valve  and  complete  the  following  statements. 

(1)  Rated  operating  pressure  is  _ 

(2)  Operating  voltage  is   
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%w*  (3)    Running  current  is 


(A)     Stroke  time  shoulc*  be 


b.      Visually  inspect  the  valve  for  the  following:  I 

\ 

(1)     Corrosion  on  the  butterfly  and  housing.  What* 


should  you  do  if  corrosion  is  found? 


(2)     Heat  discoloration  on  painted  surfaces.    What  would 
be  done  to  repair  the  painted  surfaces?   t   


(3)     Damaged  threads  on  the  connector  plug.    How  are  they 
repaired?   w   _  _  ,  y 

 . 

hm      Trainer  Preparation. 

a.  Make  sure  that  each  switch  is  in  the  OFF  position. 

b.  The  trainer  should  still^be  hcoked  to  the  proper  wall 
receptacle  from  the  previous  test* 

5.  Electrical  Hookup* 

a*      Follow  the  hookup  shown  on  foldout  3. 

b.  The  connections  will  be  made  by  using  the  wires  at 
the  trainer. 

c.  Hook  the  connector  plug  of  the  valve  to  the  correct 
electrical  pins  on  the  trainer  electrical  patching  panel. 

Caution:    At  this  point  check  your  connections  before  going  to 
the  next  step.    This  prevents  the  danger  of  a  short  circuit 
due  to  crossed  wires.    Have  the  instructor  check  your  hookup. 

6.  Operation  of  the  valve* 

a*      Place  switch  S-l  to  the  on  position.    The  AC  voltmeter 
should  show  110  to  120  volts.    The  DC  voltmeter  should  show  24  to 
28  volts.    If  you  do  not  have  these  readings,  read  paragraph  6a, 
section  II  for  corrective  action. 

'        b.      Check  the  valve  position  indicator  to  find  if  the 
valve  is  opened  or  closed. 

Note:    Reset  the  timer  '      >re  operating  the  valve* 
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(1)    If  the  valve  is  open,  place  switch  S-4  to  the 
close,  position.    The  valve  should  close.     If  the  valve  was  closed, 
leave  it  there, 

c.  Complete  the  following  statements.  First  put  the 
valve  in  position  to  make  the  check.  Take  the  readings  from  the 
correct  meters  or  gages  on  the  trainer.  Place  switch  S-4  to  the 
open  position.  1 

(1)  Cycling  time  from  cl^>se  to  open  is   

seconds, 

(2)  Operating  voltage  is   volts.    Be  sure  to 

read  the  AC  voltmeter. 

(3)  Rurining  current  is         n  amps, 

d.  Set  the  0  S£L  switch  to  10  and  read  the  ammeter  labeled 

SGL  0, 

Nofe:     Reset  the  timer  before  the  next  operation. 

e.  Place  switch  S-4  to  the  CLOSED  position. 

(1)    €ydXing  time  from  open  to  close  is  .  , 


seconds • 

(2)  Operating  voltage  is*   volts.    Be  sure 

to  read  the  AC  voltmeter. 

(3)  Running  current  is       ,   amps. 

f,      Set  the  0  SEL  switch  to  10  and  read  the  ammeter  labeled 


SGL  0. 


Place  switch  S-4  to  the  CLOSE  position. 

h.  Does  the  valve  operate  according  to  the  TO  specifications? 
.    If  it  does,  very  good.    If  the  valve  will  not  move,  what 


is  the  probable  cause? 


What  remedy  should  be  taken? 


i.      Place  switch  S-l  to  the  OFF  position. 
7.      Disconnect  the  valve  from  the  trainer. 

a.  Remove  the  electrical  wires  connecting  the  valve  to 
the  trainer  and  lay  them  asicle  for  the  next  project. 

b.  Cap  all  ports  and  cover  electrical  connectors  on  the 
valve.    Stow  the  valve  in  equipment  locker  aumber  2. 
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c.      If  any  of  the  equipment  (wires,  caps,  plugs)  was 
damaged  or  missing,  notify  the  instructor  and  he  will  see  that 
corrections  are  made* 

8.      If  no  discrepancies  were  noted,  proceed  to  the  next  project. 

Section  IV  -  BENCH %  CHECK  OF  A 
TWO  AND  ONE-HALF  INCH  DIAMETER*  PNEUMATIC  SHUTOFF  VALVE 

OBJECTIVES 

^  After  completing  this  section  of  the  workbook,  you  will  be  able 

to: 

1#      Interpret  operating  specifications  for  valve  P/N  122142  from 
the  applicable  technical  order, 

a.      Solenoid  operation,  # 

.  b.      Resistance  check, 

c.      Maximum  voltage  check. 

Standard  of  performance: 

Your  performance  will  be  evaluated  according  to  an  instructor 
checklist.    A  minimum  of  70Z  accuracy  must  be  obtained  for  satisfactory 
completion  of  the  objectives. 

*  • 

EQUIPMENT 

Fisis  of  Issue 

Electrical  pneumatic  Trainer  No.  3038      1/2  istudents 

Valve  Part  No.  1221AZ  l/student 

Technical  Order  9P5- 5-59-43  l/student 

Technical  Order  1B-32B-06  ,  l/student  * 

TO  Index  l/student 

PROCEDURE 

!•      Jse  trainer  number  3038  to  bench  check  a  two  and  one-half 
inch  diameter  pneumatic  shutoff  valve.    This  check  is  to  find  if 
the  valve  meets  the  technical  order  dperating  specifications  and 
to  check  the  solenoid  and  butterfly  for  correct  operation. 

2.  Go  to  equipment  locker  number  2  and  get  the  valve  assembly 
with  the  part  number  122142, 

a.      Use  the  indexes  on  the  TO  file  cabinet  and  find  (by 
part  number)  the  Parts  breakdown  Technical  Order  for  this  valve* 

b.      Answer  the  question. 

(1)    What  is  the  correct  TO  number?  .  

3.  Get  the  correct  TO  from  the  TO  file  cabinet. 
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a.      In  the  TO  find  the  operating  specifications  for  the^V/f 
valve  and  complete  the  statements. 

(1)  Valve  normal  position  is   _ — • 

(2)  The  operating  voltage  requirement  is   

t  (3)    The  operating  current  is   .   


(4)    Actuating  time  closed  to  open  or  open  to  closed 

should  not  exceed  t   maximum.  » 

b  'if  you  had  to  disassemble  the  valve  for  repair,  all 
parts  vould'have  to  be  cleaned  and  inspected.  Let  us  see  what  the 
TO  says  about  the  cleaning  process. 

(1)  All  parts,  Except  those  to  be  replaced,  are 

cleaned  with  ;  Cj  

and  dried  thoroughly. 

< 

(2)  Air  passages  are  cleaned'  thoroughly  with   , 


'(3)    Before  installing  new  bearings,  they  should  b,e 
cleaned  with  ;  .  


c.*   Inspection:    Using  the  Tp,  refer  to  paragr  iph  4  and 
figure  8  to  make  the  following  checks. 

Note:-  You  will  need  an  ohmmeter  for -one  of  these  checks '^o  go 
to  equipment  locker  number  1  "*nd  get  a  multimeter  with  the 
number  ME-77  C/U. 

(1)    Use  the  ohmmeter  .to  measure  the  resistance  of  the 
solenoid;  ■  This  check  is  made  across  pins  A  and  B  of  the  valve.  What 

reading  did  you  get?    m  s  


(2)  The  TO  states  that  the^esistance  must  be  betwefen 
and  ^^^^^  ohms.     If  the  resistance  of  the  solenoid  is 

not  within  this  range  the  solenoid  would  have  to  be  replaced.    Cnce  - 
the  resistance  check  is  made,  disconnect  the  multimeter  and  return  it 
to  equipment  locker  number  1. 

*  * 

(3)  Check  maximum  operating  voltage  as  follows:  Use 
the  electrical  wires  at  the  trainer.    Hook  solenoid  pin  (A)  to  trainer 
pin  (F).     Solenoid  pin  (B)  is  hooked  to  trainer  pin  (R).    Turn  switch 
S-l  to  the  Oft  position.    Turn  the  voltage  adjustment  potentiometer  to 
full  decrease.    Turn  switch  S-2  to  position  3.    This  will  energize 
the  solenpid.     SLOWLY  turn  the  voltage  adjustment  potentiometer  toward 
full  increase  until  you  hear  a  click  in  the  solenoid. 
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Figure  *;5«    Pneumatic  Valve  Test  Secv 

^  .  .  (4)  Read  the  DC  voltmeter  at  the  south. 
}  What  is  the  vol.tage?  ■  v   


he  click. 
The  technical  order  lists  the 


maximum  voltage  required  to  energize  the  solenoid  as 


(5)  Turn  switches  S-l  and  S-2  to  the  OFF  position 
and  the  voltage  adjustment  potentiometer  to  full  increase  in  that 
order. 

d.      Operational  Qheck. 

(1)  Using  figure  5,  hook  each  pneumatic  hose  (heavy 
dark  lines)  to  the  valve  and  the  trainer.    M-l  manometer  scale 
should  be  set  to  read  zero  on  the  inches  of  mercury  scale. 

(2)  Place  oitch  S-l  to  ON. 
,  {3)    Open  valve  V-3. 
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(4)  Slowly  Duild  pressure  by  turning  regulator  R-3 
clockwise  until  the  valve  indicator  shows  closed.    This  should  happen 
as  soon  as  pressure  is  applied.    If  not.  your  hookup  must  be  wrong. 

(5)  Once  the  valve  is  closed,  reduce  the  pressure  by  J 
turning  regulator  R-3  counterclockwise  until  manometer  Mrl  shows  zero/ 

(6)  Place  switch  S-2  to  position  3. 

Caution:    You  MUST  keep  an  eye  on  manometer  M-l  during  the  next 
step  or  you  may  blow  the  mercury  out  of  the  top  of  the  manometer. 
BE  CAREFUL! 

(7)  With  regulator  R-3,  SLOWLY  build  pressure  and 
closely  watch  the  valve  indicator.  When  Ae  indicator  shows  that 
the  valve  is  open^stop  applying  pressure. 

(8)  The  valve  should  have  opened  between  9.0  and 
14.0  inches  of  Hg. 

(9)  What  was  the  manometer  reading?  


(10)    How  is  minimum  opening  pressure  adjusted? 


(11)  Reduce  the  pressure  to  zero  by  turning  regulator 
R-3  counterclockwise. 

(12)  How  much  time  is  allowed  for  the  butterfly  to 
open  and  close?  _  —  ■  •  * 

(13)  Disconnect  the  line  to  manometer  M-l  and  cap  the 
connections.    This  is  the  line  that  goes  fjrom  6D  to  El  on  the  trainer. 

(14)  Turn  regulator  R-3  clockwise  until  gage  P-3  shows 

80  psig. 

(15)  Energize  and  deenergize  the  solenoid  by  switching 
switch  S-2  between  position  3  and  OFF.    Do  this  several  times  while 
closely  observing  the  valve  indicator.    Does  the  valve  open  and  close 

within  the  TO  time  specifications?   ,  _ 


Note:    You  have  to  guess  the  operating  time  of  the  butterfly 
since  the  trainer  timer  cannot  be  started  and  stopped  in  only 
one  second.  ' 

'16)     Check  the  TO  troubleshooting  table  for  corrective 
action  if  the  valve  operates  too  slowly. 

(17)  Place  switch  S-l  to  OFF,  close  valve  V-3  and 
turn  regulator  R-3  counterclockwise  until  it  turns  freely. 

(18)  Disconnect  all  the  equipment  and  stow  in  the 

proper  places. 
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(12)    Disconnect  the  trainer  power  cables  and  clean 
you*  area.    You  must  "heck  with  the  instructor  for  instructions? 

e.      Maintenance  Documentation. 

(1)  Get  an  AFi'O  Form  349  and  AFTO  Form  350  fro.a  the 

instructor. 

(2)  Use  the  information  on  the  AFTO  Form  350  and  the 
note  to  help  you  make  the  entries  on  the  AJ£T0  Form  349. 

Note:    The  mechanic  who  removed  this  unit  from  the  aircraft 
had  to  use  an  AFTO  Fcrra  349  to  account  for  ttue  tijpe  used  in 
removing  th*  unit.    At  the  same  time  an  'AFTO  Form  350  is  made, 
attached  to  the  unit,  and  the  unit  routed  to  RPC.    RPC  sent 
the  unit  to  your  shop  (work  center  J336  )  for  the  work  that 
would  be  needed  to  make  the  unit  serviceable.    You  made  a 
bench  check  of  the  unit  to  try  to  find  why  it  did  not  work 
(block  14,  AFTO  Form  350)  but,  the  unit  checked*  out  OK.  Even 
though  the  valve  checked  OK  and  no  repair  was  made,  you  must 
use  an  AFTO  Form  349  to  show  the  time  you  used  to  check  the 
unit.    This  is  what  you  are  to  do  now.    Keep  in  mind,  the 
malfunction  code  used  should  show  the  corrective  acti<5h  you 
took.  -> 

(3)  Get  TO  1B-52B-06,  -Aircraft  Work  Unit  Code 
Manual,  from  the  TO  file  cabinet. 

(4)  On  the  AFTO  Form  349,  you  must  make  entries 
in  blocks  1,  2,  3,  22,  26,  and  27,  and  in  columns  A,  G  through  K, 
and  N. 

(5)  In  block  15  of  the  AFTO  Form  350,  you  must  tell 
whac  you  did  to  the  unit  during  the  bench  check. 

(6)  If  you  do  not  remember  how  to  fill  in  the 
AFTO  Forms  349  and  350,  go  back  and  review  the  Maintenance  Manage- 
ment Text  ATCPT  52-1,  Volume  III. 

(7)  Have  the  instructor  check  your  forms  before  you 
go  to  the  next  project c 
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-AIRFLOW  CONTROL  AND  SHUTOF?  VALVE 
OBJECTIVES 

Upon  completion  of  this  workbook,  you  will  be  able  to: 

1.  Inspect,  operate,  and  calibrate  the  airflow  control  and  shutoff 
valve . 

2.  Identify  parts  of  the  valve. 

*  3.      Document  maintenance  performed  using  an  AEJft)  Form  349  and 
TO  1C-130A-06,  Code  Manual.  Jr 

4.      Use  information  from  TO  15A2-2-20-193  to  inspect  the  valve. 
Standard  of  Performance: 

You  will  be  evaluated  by  an  instructor  using  a  criterion  referenced', 
tost  and  observing  your  performance.  You  musL  complete  this  project  with 
70Z  accuracy. 

EQUIPMENT  . 

Basis  of  Issue 
Airflow  Control  and  Shutoff  Valve  1/stmient 


Electrical  Pneumatic  Trainer 

(3038) 
4"  Screwdriver 
5"  Screwdriver 
1/2"  X  3/8"  Open  End  Wrench 
TO  1C-130A-06 
TO  15A2-2-20-193 
AFTO  Form  349 


1/4  students 

1/student 
1/ student 
1/student 
1/student 
1/student 
1/student 


PROCEDURE 


By  following  the  s';ep  by  step  instructions  found  in  this  text,  you 
should  have  very  little  difficulty  in  the  calibration  and  adjustment  of 
the  airflow  control  and  shutoff . valve.    If  you  should  have  a  problem 
with  the  valve  and/or  the  trainer,  check  with  your  instructor.  Failure 
to  do  so  may  cause  damage  to  the  equipment  in  use.  * 

AT  THIS  POINT  MAKE  SURE  THAT  YOU  HAVE  REMOVED  ALL  YOUR  JEWELRY. 


Supersedes  3ABR42231-WB-312A,  12  August  1974,  which  may  be  used 

until  existing  stocks  are  exhausted. 
OPI:  TAS 
DISTRIBUTION;  X 

TAS  -  150;    TTVGC  -  1 
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ELECTRIC  PNEUMATIC  TESTER  TRAINER 


valve. 


i  q(-ot-      I)  Precision  Timer 

A.  Voltage  Adjustment  Potentiometer  D. 

,  E  Pneumatic  Patching 

B.  Low  Capacity  Flowmeter  •  pangl 

C.  Electrical  Patching  Panel  ^  Manometers 

u      imft  -  Electric  Pneumatic  Tester. 

Figure  1.    Trainer  No .  3038  fcieccrx 
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a.  Voltage  adjustment  potentiometer  (A).    This  is  used  to 
adjust  the  DC  voltage  on  the  trainer. 

b.  Low  capacity  orifice  flowmeter  (B) .    An  orifice  is  put 
in  this  portion  of  the  tester  so  that  a  differential  pressure  may  be 
kept  at  the  manometers. 

c-      Electric*!  patching  panel  (C)_.     Electrical  wires  will  be 
looked  from  this  panel  to  the  valve  under  test. 

d.      Precision  timer  (D)  .    Gives  the  cycling  time  of  the  part 
under  test.    Press  down  on  the  black  lever  to  reset  before  each  test. 

%  e.      Pneumatic  patching  panel  (E) .   'Hoses  will  be  hooked  from 

this  panel  to  the  valve  under  test . 

f.      Mancfmeters  (F).     These  are  pressure  measuring  devices. 
AIRFLOW  CONTROL  AND  SHU  TOFF  VALVE 

1.  Open  foldout  1  at  the  back  of  the  workbook.    You  will  need 
to  look  at  figure  7A  as  you  make  each  check  01  the  valve. 

2.  Go  to  locker  2  and  get  one  airflow  control  and  shutoff  valve, 
part  number  106616. 

3.  Set  the  valve  on  the  trainer  so  the  large  end  of  the  venturi 
is  to  your  right,  and  the  valve  position  indicator  is  facing  you.  Your 
view  of  the  valve  should  match  the  view  in  figure  7A. 

A.      Use  figure  7A  to  find  each  part  on  the  valve.    As  you  find 
each  part  put  $  checkmark  in  the  blank. 

1.  Aujustment  screw  "A".  j 

2.    Test  port  "A". 

3.    Adjustment  screw  "B". 

A.  ____  Adjustment  screw  "E".  \ 

5.   Position  indicator. 

6.    Venturi. 

7.    Test  port  "fc". 

8.  Altitude  sensing  port. 
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INSPECTION  REQUIREMENTS'  % 

1  Turn  to  the  "Overhaul,*  Instructions  for  the  Airflow  Co-  trol 
and  Shutoff  Valve,  Part  Number  (P/N)  106616"  section  in  the  TO.  The 
TO  i3  in  the  limited  TO  file. 

a.      The  TO  number  is  .  .  • 


b.  The  basic  date  of  tlfts  TO  is  _ 

c.  The  change  date  of  this  TO  is 


2.      From  the  information  provided  in  TO  15A2-2-20-193  write  down 
the  inspection  requirements  for  the  airflow  control  and  shutoff  valve. 

a*%  InsPect  all  Parts  for  evidence  of  • 


b.      Inspect  all  metering  orifices  and  internal  air  passages 


for' 


for 


c.      Inspect  all   and  ^  parts 


d.      Inspect  the  parts'listed  in  figure  2-5  of  the  TO  by  following 
the  requirements  listen  opposite  each  part.    All  parts  th&t  do  not 
strictly  meet  the  requirements  shall  be  repaired  or  replaced. 

Correct  Responses:    la.    15A2-2-20-193    lb.    1  May  1963    lc.    15_Nov  1969 

2a.    corrosion,  wear,  or  other  damage 
2b.    presence  of  foreign  Material 
2c.    serrated      threaded      any  evidence  of  damage 
ALTITUDE  COMPENSATOR  BELLOWS  PRESET  ADJUSTMENT 

1       You  are  now  read>  to  start  calibrating  the  airflow  control 
and  shutoff  valve.    Carefully  follow  each  step  of  the  calibration 
process.    If  you  have  any  difficulty  get  the  instructor-    The  first 
adjustment  is  the  altitude  compensator  bellows  preset  adjustment. 

2.      Look  at  figure  7A  and  find  adjustment  screw  "B".    By  turning 
adjustment  screw  «B"  you  are  adjusting  the  position  of  the  bellows 
(schematic  diagram,  foldout  1)  in  the  altltu»  compensator.  The 
altitude  compensator  is  an  aneroid  controlled  metering  valve.    The  Jod 
of  the  compensator  is  to  open  the  valve  butterfly  to  let  more  airflow 
through  the  valve'  as  the  aircraft  altitude  increases.    The  c°mPef^°r 
is  made  of  a  bellows,  spring,  and  an  altitude  compensation  adjustment 
screw  "B".  \ 

GOO  I 


3.      Loosen  the  lqcknut  that  holds  adjustment  screw  "B"  in  place. 
Turn  adjusting  screw  "B"  clockv;ise  (  ^>  )  until  it  bottoms  (stops  * 
turning).    When  it  hits  bottom,  DO  NOT  FORCE  IT  ANY  TIGHTER  

,  Mr^:  Turn  adJusting  screw  ffBff  exactly  3  1/2  turns  counterclockwise 
'  l*t  T*Shten  the  locknut.  Be  sure  that  you  do  not  move  adjustment 
screw  ^B^,     This  adjustment  presets  the  altitude  compensator  bellows. 

AIR  PRESSURE  REGULATOR  CALIBRATION 

1.  {YoJKvill  now  set  the  air  pressure  regulator  section  of  the 
airflow  control  and  shutoff  valve.    Look  at  figure  7A  and  find  adjust- 
ment screw  FA".    The  air  pressure  regulator  reduces  air  pressure  in 
the  control  \air  system  of  the  airflow  control  and  shutoff  valve 
(schematic  digram,  figure  7B)  .     The  air  pressure  regulator  is  a  relief 
valve.    Operation  of  the  regulator  is  controlled  by  a  spring  loaded 
diaphragm. 

2.  The  electrical  wires  and  pneumatic  hoses  used  for  connecting 
the  valve  to  the  trainer  are  in  the  bottom  of  the  trainer. 

3.  Using  the  electrical  wires,  connect  tW"ralve  cannon  plug  to 
the  trainer  electrical  patching  panel  J1A  (figure  1)  as  listed.    As  you 
d°  G^  °f         StCpS  place  a  checkmark  in  the  blank. 


a  • 


c. 


J?  on  the  trainer  to  A  on  the  valve  cannon  plug. 

_G  on  the  trainer  to  B  on  the  valve  cannon  plug. 

_R  on  the  trainer  to  C  on  the  valve  cannon  plug. 

Turn  valve  V3  on  the  trainer  clockwise  to  the  OFF 


position, 

4.      The  electrical  wires  will  stay  connected  throughout  the  entire 
bench  check. 
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5.      Look  at  figure  2  when  connecting  the  pneumatic  hoses  to  the 
trainer  pneumatic  patching  panel  (figure  1)  and  to  the  valves.  The 
hoses  are  shown  by  heavy  black  lines. 


"'  T 


a. 
b. 

d. 

to  figure  7A) 


0-IOOPSl  O-fOOPSl  0-60  P3l  0-I50PSI  0-300PSI 

^    M  fid  ffi  a 


CAPPED 


Figure  2. 

 D7  to  8A. 

 8B  to  the  inlet  side  of  the  valve. 

  Test  port  A  to  9A. 

 1_  Take  the  cap  from  the  altitude  sensing  port  (refer 

e.    HAVE  THE  INSTRUCTOR  CHECK  YOUR  CONNECTIONS. 

f  •  Plug  the  3  trainer  power  cords  in  the  recepticals 

on  the  wall  behind  the  trainer. 

g.  Place  switch  S-l  on  the  trainer  to  the  ON  position. 

h.    Place  switch  S-2  to  the  3  position.    This  puts 

2$V  DC  to  solenoid  A. 


7  602 


^  ********** 


15  PSIG. 


  Turn  V3  counterclockwise  until  it  is  f jll  open. 

  Turn  regulator  R3  clockwise  until  ga^e  P-4  reads 

  Loosen  the  locknut  on  adjustment  screw  A  and  adjust 

the  screw  until  12  PSIG  shows  on  gage  P-5.    Tighten  the  locknut.  Be 
careful  not  to  move  adjusting  sc_rew  A.    Adjustment  screw  A  sets  the~air 
pressure  regulator.    We  r?ow  have  12  PSI  in  the  valve  control  air  system. 


i. 
k. 


1. 

on  gage  P-4. 


Turn  R3  counterclockwise  until  10  PSIG  is  read 


THRUST  TEST 


1.      The  thrust  test  is  done  to  see  whether  or  not  the  butterfly 
is  moving  to  the  full  closed  position.    Do  these  steps  to  make  the 
thrust  test. 


a. 

read  CLOSED. 


solenoid  A. 

c. 

read  OPEN. 

d. 

solenoid  A. 

e. 

read  CLOSED. 


"CLOSED",  GET  THE  INSTRUCTOR, 
^f 


Check  the  valve  position  indicator.  It  should 
Turn  switch  S-2  to  1  position.  This  deenergizes 
Check  ,the  valve  position  indicator.  It  should 
Turn  switch  S-2  to  3  position.  This  energizes 
Check  the  valve  position  indicator.  It  should 
IF  THE  VALVE  INDICATOR  DOES  NOT  READ  "OPEN"  OR 


2.  The  valve  should  have  opened  and  closed  with  a  minimum  pressure 
10  PSI.     If  not,  adjustment  to  screw  "E"  would  be  made  (figure  7A). 

Turn  regulator  R3  counterclockwise  until  gage 


a. 

P-4  reads  0  PSIG. 

*         b.   ^  Remove  all  the  pneumatic  hoses. 

c-  Place  the  cap  on  test  port  A. 

d-    DO  NOT  REMOVE  THE  ELECTRICAL  WIRES. 
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PORT  LEAKAGE  CHECK 


,.hMHon  steo  you  will  check  for  pprt  leakage, 
in  the  next  with  the  valve  in 

Port  leakage  Is  laak age  past  th J-lv  q£  port 

the  CLOSED  position,     figure  j 


PORT  LEAKAGE 


PRESSURE 
SOURCE 


Figure  3. 


black  lines,  to  the  trainer  pneumatic  patching  P 


a. 
b. 


  7D  to  8A. 

8B  to  the  ,alve  inlet. 
TP2  to  the  valve  outlet. 

d#    6F  to  A2. 

e#    7F  to  El. 

f  Fl  to  F2. 

Place  the  M-l  manometer  on  the  inches  of  mercury  (Bg> 
scale.    Th?;  scITe^tarts  at  28  inches. 

h.  Set  the  top  of  the  Hg  bubble  to  30  inches. 

Place  the  M-2  manometer  on  the  inches  of  water  (^0) 
scale  so  it  the-Tottom  of  the  bubble  is  on  zero. 

orifice. 
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k  If  you  have  fo* Lowed  the  instructions  carefully  up 

to  now,  the' position  indicator  on  the  valve  should  show  at  the  full  CLOSED 
point. 

1.  Check  the  position  of  switch  S-2.    It  must  be  in 


position  3. 

n. 


n. 


Slowly  turn  valve  V10  to  the  full  open  position. 

Slowly  turn  valve  V3  to  the  full  open  position. 

o.  Turn  R-3  clockwise  until  45  PSIG  is  read  on 

pressure  gage  P^7~~D0  NOT  ALLOW  THE  WATER  in  manometer  M-2  to  rise 
above  55  inches.  This  is  to  keep  you  from  accidentally  pushing,  the 
water  out  the  top  of  the  manometer. 


3.  What  is  the  reading  on  the  M-l  manometer? 

4.  What  is  the  reading  on  the  M-2  manometer? 


a#    Turn  R-3  counterclockwise  until  0  PSIG  is  read 

on  gage  P-4. 

5       The  next  step  is  to  see  if  the  leakage  of  your  valve  is 
within'normai  limits.    The  amount  of  air  passing  the  closed  butterfly 
is  measured  in  pounds  per  minute  (PPM).    The  formula  used  to  determine 
the  amount  of  leakage  is: 

17.35  X  P 
1  *  P  "  -Tl  +  460     *  P 
P^^  is  the  M-I  manometer  reading. 

P  is  the  M-2  manometer  reading. 

T    is  the  temperature  of  the  air. 

6.      Read  the  lab  thermometer.    The  temperature  is  


7.      After  you  have  determined  SAP,  use  the  conversion  chart 
(figure  5)  to  convert  IAP  to  airflow  in  pounds  per  minute  (PPM). 


8.      Your  valve  is  leaking 


PPM. 


9       Turn  to  the  "Test  and  Calibration  Instructions"  section  in 
the  To!    Find  the  allowable  port  leakage.    Leakage  must  not  be  more 
than  PPM. 

10.      Is  your  valve  leaking  too  much?  .    If  the  valv-: 

leaks  too  much,  tell  the  instructor. 

a#  Remove  all  pneumatic  hoses. 

b-    DO  NOT  REMOVE  THE  ELECTRICAL  WIRES. 
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AIR.FLOW  IN  POUNDS  PER  MINUTE 
Figure  5. 
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BELLOWS  PRESSURE  CHECK 


am 


1.      The  last  adjustment  you  will  make  on  the  valve  is  the  bellows 
pressure  ch  >ck.    It  is  set  to  keep  a  proper  flow  of-  air  through  the  valve 
frpm  the  ground  ap  to  the  operating  altitude.    Look  at  figure  6  to  find 
test  port  B  and  adjusting  screw  B.    Connect  the  pneumatic  hoses  shown  by 
the  heavy  black  lines. 


o-ioopsi  0-ioopsi  o-eopsi  jrjsopsi  °-3oopsi 


TUT  POM 


1 


a. 
b. 
c. 
d. 
e. 
f. 


Figure  6. 
D7  to  8A. 

8B  to  the  inlet  of  the  valve. 
Fl  to  test  pout  B  of  the  valve. 


_t  Open  valve  V-3. 
Turn  regulator  R-3  until  50  PSIG  is  read  on  gage  P-4 


  Loosen  the  lock  nut  on  adjustment  screw  "B"  and 

turn  the  screw  until  manometer  H-l  reads  33  Hg.    Tighten  the^locknut. 
Be  careful  not  to  move  the  adjustment  screw. 

g#  Turn  regulator  R-3  until  0  PSIG  is  read  on  gage  P-4 
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2.      Shutdown  procedures. 

a*  Remove  all  pneumatic  hoses  and  plug  them.  Place 

them  neatly  in  the  bcttom  of  *-he  trainer. 

.    „.     .     b*   —  Rem°ve  all  electrical  wires  and  place  them  neatly 

in  the  bottom  of  the  trainer. 

c;    P"t  the  steel  cap  on  the  1  1/4  inch  pipe  at  the 

left  side  of  the  trainer. 

.  .   Unplug  the  trainer  and  lay  the  wires  across  the 

work  bench  part  of  the  trainer. 

e-   Cap  all  trainer  outlets. 

f*    Replace  the  caps  on  the  valve. 

.  *\    —        TaPe  the  cannon  plug  on  the  valve  and  return  the 

valve  to  locker  #2. 

h-   .  "AVE  THE  INSTRUCTOR  INPSECT  YOUR  TRAINER. 

•MAINTENANCE  DOCUMENTATION  USING  AFTO "FORM  349 

Now  that  you  .are  done  bench  checking  the  airflow  control  and  shutoff 
yalve  you  have  to  do  the  paper  work.    Get  an  AFTO  Form  349  from  the 
instructor  and  TO  1C-130A-06  Code  Manual  from  the-limited  TO  file 

?o^SVnfv™aii0I!  b,el°W  3nd        the  Code  fflanua1'  complete  the  AFTO 
Form  349  for  bench  checking  the  airflow  control  and  shutoff  valve. 
When  you  have  completed  the  form  have  the  instructor  check  it. 

Job  Control  Number    1180027 

Work  Center  A92EJ 

ID  Number  CA3476 

Priority    3 

Location  shop 

Type  Maintenance    Unscheduled 

When  Discovered    Minor  Inspection 

Note:    The  blocks  to  be-filled  are:    1.  2.  3    7  9Ar*M 
26,  and  27.  '  -  '     '     '     '       A'  C«  K*  N' 


ADJUS 
SCRl 


LOCKNUt 
VALVE  *N 


AIR  W 


ALTlTI 
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SSSSa  ACTUATOR  PRESSURE 

C~n3  REGULATOR  PRESSURE 

CCEO  ALTITUDE  COMPENSATOR  PRESSURC 

Figure  7B 

AIRFLOW  CONTROL  AND  SHUTOFF  VALVE  SCHEMATIC  DIAGRAM 
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FOREWORD 


This  progrenced  text  was  prepared  for  use  in  the  3ABR42231 
Instructional  Systsa,    The  material  contained  herein  has  been 
validated  using  thirty-one  42010  students  enrolled  in  the  3ABR42231 
course.   Ninety-eight  percent  of  the  students  taking  this  text 
surpassed  the  criterion  called  for  in  the  approved  lesson  objective. 
The  average  student  required  56  minutes  to  complete  the  text, 

OBJECTIVES 

After  completion  of  this  text,  you  will  be  able  to  answer 
discrimination  questions  with  a  minimum  of  70Z  accuracy,  on  typical 
anti-G  valve  system,  that  relate  to: 

1.  Operation  of  an  anti-G  valve, 

2.  Purpose  of  an  anti-G  valve. 

3.  Major  components  of  an  anti-G  valve. 

INSTRUCTIONS 

This  text  presents  Information  in  small  steps  called  "frames." 
After  each  step  you  are  asked  to  selecc  a  correct  statement.    DO  NOT 
MARK  IN  THIS  TEXT.    The  correct  answers  may  be  found  on  the  top  of  the 
next  even  numbered  page.    If  your  answer  is  correct,  go  to  the  next 
frame;  if  you  are  wrong,  read  the  frame  again.   As  you  read  the  text, 
the  anti-G  valves  will  be  available  for  you  to  see  and  inspect. 


SupttMd*.  3ABR42231-PT-313,  24  April  1973. 
OPR:  IAS 
DISTRIBUTION:  X 
IAS  -  150;  TTVGC  -  2 
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Frame  1 

Because  of  the  speed  of  jet  aircraft,  great  forces  and  strains  are 
experienced  by  the  pilot.   On  level  flights  there  is  no  limit  to  the 
speed  that  pilots  can  endure.    But  in  loops,  turns,  and  climbs,  forces, 
on  the  pilot's  body  are  more  than  he  can  endure.    Centrifugal  force  £G) 
is  that  force  which  pulls  outward  from  the  center  of  rotation.  This 
force  is  "G"  force.    The  unit  measure  is  called  a  "G."   Sitting  in  an 
aircraft  on  the  flight  line,  your  weight  on  the  seat  is  the  force  of 
gravity.    This  force  is  equal  to  1  G,  or  equal  to  the  weight  of  your 
body.    If  you  sat  on  a  scale  during/ievel  flight,  you  would  notice 
that  your  weight  would  be  normal  ./But  during  maneuvers,  your  weight 
would  become  more  (Indicating  a  positive  "G")  or  less  (indicating  a 
negative  "G")  •   This  would  depend  on  the  maneuver.    Tou  can  3ee  that 
the  G  force  can  be  positive  oW  negative.    If  the  force  acts  to  hold 
you  down  in  the  seat  (figure  1)  it  is  a  positive  "G."   However,  if 
the  force  tends  to  lift  you  from  the  seat,  it  would  be  a  negative  "G.* 


Figure  1.    Effects  of  Positive  G  Forces. 

Answer  the  statements  as  true  (T)  or  false  (F>. 

J 

1.  Centrifugal  force  pulls  outward  from  the  center  of  rotation. 

2.  A  G  force  is  a  unit  of  measure  for  centrifugal  force, 

3.4     Sitting  in  an  aircraft  on  the  flight  line,  you  are  pulled 
down  into  the  seat  by  gravity.    This  is  equal  to  0  "Gs.'! 

4.  During  negative  MGM  forces  your  weight  increases. 

5.  "G"  forces  can  be  either  negative  or  positive. 
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CORRECT  RESPONSES  TO  FRAME  1:    !     _T       2.      F       3,     F      4,  F 
trmm  2 

Aircraft  environoontal  system  personnel  have  the  responsibility 
for  the  maintenance  of  nhe  anti-G  suit  system.    The  system  consists 
of  air  lines  froa:  the  air  source  to  the  anti-G  suit  valve.  This 
valve  Is  shorn  In  figure  2.    The  air  lines  then  go  from  the  valve 
to  the  anti-G  suit.    The  air  lines  are  not  normally  a  source  of 
trouble.   Tour  main  job  will  be  checking  the  anti-G  suit  valve  for 
proper  operation.    There  are  four  tests  which  you  will  perform:  (1) 
first-stage  relief  valve  adjustment;  (2)  first-stage  chmaber  pressure 
adjustment;  (3)  second-stage  rexief  valve  adjustment;  (4)  trip 
acceleration  teat.    In  order  to  understand  the  "Hows  and  Whys"  of 
the  tests,  you  must  know  how  the  valve  works. 


Win  VAIVI  ADJUSTMENT 

Figure  ?.    MD-1  Anti-G  Suit  Valve. 
Answer  the  statements  as  true  (T)  or  false  (F). 

1.  Alrcra't  environmental  ay? terns  personnel  are  responsible 
for  checking  and  testing  the  anti-G  suit  valve. 

2.  There  are  only  three  tests  you  will  perform  when  testing 
the  antl-G  suit  valve. 

3.  Air  lines  are  usually  the  main  source  of  trouble. 

4.  Before  yoa  teat  the  anti-G  suit  valve,  you  shouldTknow  how  it  works. 
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Frame  3 

During  a  positive  6  force,  the  flow  of  blood  going  to  the  brain 
la  greatly  reduced.    Low  blood  pressure  causes  dizziness,  poor  eye- 
sight, and  a  person  may  soon  become  unconscious*    G  forces  will  affect 
pilots  In  different  ways,  due  to  the  Individual's  own  body  structure. 
The  anti-G  suit,  figure  3,  Is  made  of  5  rubber  bladder  a.   When  the 
suit  la  blown  up,  these  bladders  tighten  around  the  lower  parts  of  the 
body.   By  tighten!-**,  enough  blood  la  kept  In  the  brain  during  a  positive 
G  force.    The  bladders  tighten  only  during  positive  G  forces  caused  by 
the  aircraft  maneuvers.    The  wult  air  pressure  increases  as  the  positive 
G  forces  increase. 


Flgure  3.    Bladder  System. 
Answer  the  statements  aa  true  (T)  or  false  (F). 

1.  No  effects  are  felt  by  a  pilot  during  a  positive  G  force. 

2.  During  a  poaltlve  G  force  maneuver,  tue  blood  flow  to  the 
brain  Increases. 

3.  Decreasing  tne  blood  flow  to  the  brain  causes  dizziness,  poor 
eyesight,  and  a  pilot  may  soon  become  unconscious. 

4.  The  anti-G  ault  la  made  of  four  Inflatable  rubber  bladders. 

5.  The  bladdera  tighten  around  the  lower  parte  of  the  body. 

6.  The  pressure  decreaaea  In  the  lladdera  as  the  positive  G 
force  increases. 

5 
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CORRECT  RESPONSES  TO  FRAME  2:    1.      T       2.      P       3.     P       4.  T 


CORRECT  RESPONSES  TO  FRAME  3:    1.      P       2.      F       3.     T       4.  F 
5.     T       6.  T 

Frame  4 

How  let  us  so  how  the  anti-G  suit  valve  inflates  the  anti-G  suit . 
Engine  bleed  air  ie  the  source  of  air  used  to  operate  the  anti-G  suit 
valve  aad  suit.    Look  at  figure  4  at  the  back  of  the  text.  Follow 

the  arrows  as  th4  valve  is  discussed.    As  you  can  see  the  valve  parts 
are  identified.    We  will  discuss  th*  first-stage  chamber  of  the  valve. 
The  first-stage  chamber  has  the  following  parts:    air  inlet  valve  (5)  , 
first-stage  relief  valve  (6),  inlet  screen  (7),  pressure  reducing 
bellows  (8),  and  tha  adjustment  screw  (9). 

Note:    Both  figures  show  the  HI-LO  selector  in  the  LO 
position.   When  in  the  LO  position,  the  HI  weight  is  locked 
in  the  up  position  as  shown  so  only  the  LO  weight  will  move. 

Anuwer  the  statements  as  true  (T)  or  false  (F). 

1.  The  major  parts  in  the  first  chaaber  of  the  anti-G  suit  valve 
are:    the  pressure  reducing  bellows  and  air  inlet  valve,  first- 
stage  relief  valve,  inlet  screen,  and  the  adjustment  screw. 

2.  Engine  bleed  air  is  used  as  a  source  of  air  for  the  anti-G  suit. 
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Blaed  air  fXo*s  into  eh*  flret-atage  chmbar  through  the  inlet  port 
Air  pwnrt  la  tha  charter  la  controlled  at  21  to  22  oil  by  tha  Ilr 
ialot  val*.  (5)  and  tha  praaaura  reducing  heUoW<8).  Hhai  chli« 

SIS  J    5iL1"J#t  Valv*  Uck  Ur  c«  antar  tha  flotage 

ataTRT!?:      /^^"Vi*  Ur  The  edJuetn*o7 

aerav  (9)  la  turned  right  or  laft  to  laeraaaa  or  daeraaaa  or,  iTur.  «« 

acraan  (7)  kaapa  foralgn  Batter  out  of  tha  antl-C  eult  valve. 

Anewer  tha  stataaanta  aa  true  (T)  or  faUe  (F). 

U    JSeKST"^         ^  ^  d~d  both  *  the 

2*  P-.urT"  JLaKSS       b*Uo" la  * 

3.  Air  pre*b4re  In  the  firet-etage  chaabar  la  held  at  21  to  %i  pal. 

4.  When  the  bellows  expends  the  elr  Inlet  vuw  closee. 
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coiner  uspgkszs  ro  fbami  4:  1.    t    2.  t 

comer  us  PONS  bs  to  fhakb  5:  1.    f     2.    t     3.    T     4.  F 

Fraaa  6 

Tha  flrat-ataga  rallaf  valja  (6)  la  locatad  In  the  flrat-ataga 
chaaoar.   This  acrvaa  aa  a  aafaty  gfca  should  tha  praaaura  reducing 
b allow  fall  to  ragulata  tha  air  pranrira  at  21  to  22  pal.   Tha  rallaf 
valva  opana  whan  air  praaaura  1a  the  .naabar  raaehaa  25  to  26  pal. 


Anavar  tha  autaaanta  aa  trua  (T)  or  f alaa  (F) . 

1.  Tha  flrat-atafa  chaabar  air  praaaura.**  21  to  22  pal. 

2.  Tha  flrat-ataga  rallaf  valva  acta  aa  a  safety  valve. 

3.  Tha  flret-etege  rallaf  vUva  la  aat  to  opaa  at  25  to  26  pal. 
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Frsas  7 

Ths  aecond-etage  charter  controls  air  pressure  to  the  utK  suit 
during  a  poeltive  "C"  force.   The  eeeond-atage  charter  haa  thaaa  parts: 
preea-to-taet  button  (l)t  HI-LO  selectxr  (2)t  secood-etage  relief  valva  (3), 
second-stage  raliaf  valva  adjustment  ecrew  (4),  deaend  valva  (13)  t  diaphran 
return  spring  (]*),  diaphragm  (15),  daflatlon  valva  (16)  9  low  weight  (17), 
and  high  valght  (18).   Look  at  £i*ure  4.   Tha  demand  valva  (13)  opaaa 
and  air  flows  from  tha  first-stage  charter  to  tha  aecond-etage  chart ar  and 
tha  gati-C  auit.    If  praasura  in  tha  chart ar  is  9  to  11  psi  tha  eecond- 
stags  raliaf  valva  (3)  opana  to  drop  tha  praasura.   Air  goaa  through 
tha  vant  in  tha  eecond-etag*  raliaf  valva.   Tha  raliaf  valva  la  usad  to 
stop  tha  buildup  of  too  such  praasura  In  tha  anti-C  auit.   It  acts  aa 
a  safety  valva.  Va  want  Juat  enough  praaaura  in  tha  auit  to  fcaap  blood 
fna  balng  forced  to  *  tha  feet  of  tha  pilot  •   Too  such  praaaura  la  aa 
daagaroua  aa  not  anough.   If  tha  auit  una  ovar  Inflated,  It  uould  cut 
off  tha  flow  of  blood  fro*  tha  pilot'a  waist  down  to  his  faat.  Tha 
adjuetvant  acraw  (4)  incraaaaa  or  dscraasaa  praaaura  on  tha  spring  - 
to  put  tha  valva  at  tha  propar  setting. 

Answer  tha  atatssanta  aa  trua  (T)  or  falsa  (F). 

1.  Tha  low  and  high  weights  ara  two  parts  that  ara  locatad  in 
tha  second-stage  charter* 

2.  Excessive  sir  In  ths  suit  would  have  no  affect  on  the  pilot. 

3.  The  demand  valva  allows  air  to  escape  into  the  first-stage 
charter. 

4.  Tha  second-stage  relief  valva  will  relieve  pressure  at  11  pal. 

5.  The  setting  that  the  second-etage  relief  valve  relieves  at 
depends  upon  ths  spring  pressure- 
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pmncr  usfohses  to  fbame  6:  1.    t    2.    t    3.  t 


COBMCT  1PPOHSKS  TO  P1AME  7:    1.     T      2.     P      3.  P 
Pr«M  8 

Look  «t  figure  4  so  we  explain  the  way  by  which  th«  weights 
control  air  preesure  to  the  anti-C  suit.   Pirat  wo  will  explain  tho 
operation  with  tha  HI-LO  a  elector  (2)  In  the  LO  poaltlon.   Aa  poaltlve 
"0"  forcee  build  up  tho  LO  weight  (17),  will  be  forced  down  on  the 
diaphragm  (15),  and  close  tho  deflation  valve  (16).   Tho  deflation 
valmi  lo  connected  to  the  deaend  valve  (13) ,  which  will  open.  The 
amount  tho  demand  valve  opena  la  detexalned  by  the  atrength  of  the 
NGM  force  acting  on  the  LO  weight.   Opening  the  deaend  valve  allows 
air  to  flow  from  tho  first-stags  chancer,  through  the  second-ctage 
chamber  to  the  cult.   Keep  In  mind  that  air  preesure  in  the  second- 
•tag*  chamber  and  suit  is  controlled  (9  to  11  pel)  by  the  second- 
stage  relief  valve. 

When  the  HI-LO  selector  la  moved  to  the  HI  poaltlon,  the  HI 
weight  (18)  drope  on  top  of  the  LO  weight.   Except  for  the  increase 
in  weight  the  valve  operates  aa  discussed  In  the  LO  position. 

Look  st  figure  5.   Aa  tho  n6n  force  decreeeee,  the  welghte 
■owe  up.   Tha  diaphragm  return  spring  (14)  will  force  the  deflation 
valve  open  end  releasee  elr  preesure  from  the  suit.   The  demand 
valve  will  close.   Pressure  from  the  suit  will  be  vented  to  the 
cockpit,    (mote  the  direction  of  tho  arrows.) 

Answer  the  stetsmsnts  aa  true  (T)  or  falae  (P). 

1.  Whan  a  poeltive  V  force  la  applied  to  the  welghte,  the 
weights  move  down. 

2.  The  weight  forces  the  diaphragm  down  and  closes  the 
deflation  valve. 

3.  The  deflation  valve  le  connected  to  the  demand  valve  by 
e  common  shaft. 

4.  Vhen  no  "G"  forcee  ere  applied,  the  demand  valve  opena. 

*■ 

5.  When  deflating,  the  pressure  from  ths  suit  is  vsntsd  to 
the  cockpit. 
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Frame  9 

The  HI-LO  selector  (2)  la  ueed  to  select  e  high  or  low  pressure 
setting  to  the  suit .    The  pilot  selects  the  position  aost  comfortable 
for  him.   When  the  selector  Is  In  the  LO  range,  the  low  weight  controls 
sir  to  the  suit  et  one  (1)  pel  for  every  "G"  force  over  1.7  "Ga." 

If  e  pilot  pulls  5  Ge  in  the  low  range,  pressure  to  the  suit 
would  be  approximately  3.3  pel.    To  figure  thia  problem:  Subtract 
1.7  Ge  from  5Ca  and  multiply  by*  1  pal.    (5G-1.7G  -  3.3G)  3.3G  x  1  psi 
-  3.3  psi  to  the  suit. 

Find  the  pal  rating  for  the  G  forcea  shown. 

!•     3  Ga  to  the  auit. 

2«     6  Ge  »  to  the  auit. 

3«     7  Ga  ^_  to  the  auit. 

*•     8  Ga  to  the  auit. 


/ 

/ 
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00BI8CI  1ZSF0HSBS  TO  FRAME  8:    1.     T      2.     T      3.     T  * 
4.     F      5.  T 

CORttCT  RESPONSES  TO  FRAME  9:    1.    1.3     2.    4.3     3.    5.3     4.  6.3 
Frame  10 

When  the  RI-LO  selector  is  In  the  HI  position,  both  the  high  and 
loir  weight  control  pressure  to  tht  suit.   When  "G"  forces  act  on  the 
weight,  they  will  control  pressure  to  the  suit  at  1.5  pal  for  every 
•HS"  force  over  1.5  "Cs." 

Example:    If  a  pilot  pulls  7  Ga  in  the  HI  range >  pressure 
to  the  suit  would  be  approximately  A  .25  psi.   To  figure  the 
problem    Subtract  1.5  G  from  7  Gt  this  is  5.5  6;  multiply 
5.5  6  by  1.5  pel,  thla  will  give  you  8.25  pal. 

Solve  the  following  problems  in  the  HI  range  for  the  preaaure 
to  the  suit. 

1.  3  G  ;  to  the  suit. 

2.  6  G  to  the  suit. 


3.     2  G  _  to  the  suit. 


4.     8  G   to  the  suit. 
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Prase  11 

The  preeo-to-teet  button  (1)  la  ueed  to  chock  for  looks  vhon  the 
pilot  uokoo  bio  hookup  between  the  suit  end  the  valve,   it  la  also 
ueed  to  see  if  the  valve  Is  delivering  preoouro  to  his  suit.  When 
the  preec-to-teet  button  lo  proceed,  it  forces  the  low  weight  down 
closing  the  deflation  valve  and  opening  the  deaend  valve.    It  is  also 
used  to  chock  the  second-stage  relief  valve. 

a 

Answer  the  statements  aa  true  (T)  or  false  (F). 

1.  The  press-to-test  button  is  used  to  check  leaks  in  the  ouit. 

2.  The  press-to- test  button  actuates  the  low  6  weight. 

3.  It  lo  ueed  to  check  the  second-stage  relief  valve. 

4.  -    The  pilot  doeo  not  uoe  the  press-to-teet  button. 


g~ 


625 

13 


CORRECT  RESPONSES  ID  FRAME  10:  1.  2.25  2.  6.75  3.  .75  4.  9.4 
CORRECT  RES  POKES  TO  FRAME  11:    1.     T      2.     T      3.     T      4.  F 


14 


1 


K-1M 


1. 

Preea-To-Taet  Button 

10. 

Spring  Adjuataent  * 

2. 

Hi-Lo  Selector 

11. 

Valva  Rat urn  Spring 

3. 

Second-Stage  Ralief  Valve 

12. 

Valva  Balancing  Bellowa 

4. 

Second-Stage  Adjuataent  Screw 

13. 

Demand  Valve 

5. 

Air  Inlet  Valve 

14. 

Diaphragm  Return  Spring 

6. 

Pint-Stage  lellef  Valva 

15. 

Diaphragm 

7. 

Inlet  Screen 

16. 

Deflation  Valve 

8. 

Preeaure  Reducing  Bellowa 
Preeaure  Regulator  Adjuataent 

17. 

Low  Weight 

•£ 

18. 

High  Weight 

\ figure  4.   M-8  Antl-G  Suit  Valva  Inflating  Suit. 
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10 

1 

"*eee-To-Te*t  Button 

I  10. 

Spring  Adjustment 

a,  . 

Hl-Lo  Selector 

i  u. 

Valv*  latum  Spring 

3. 

Second-Stage  Belief  Valve 

12. 

Valva  Balancing  Bellows 

4. 

Second-Stage  Adjustment  Screw 

13. 

Demand  Valve 

3. 

Air  Inlet  Valv* 

14. 

Diephragm  la turn  Spring 

6. 

First-Stage  Belief  Valv* 

15. 

Diaphragm 

7. 

Inlet  Screen 

16. 

Deflation  Valve 

8. 

Pressure  Inducing  B  .low 

17. 

Low  Weight 

9. 

Pressure  Bngulator  Adjustment 

18. 

High  Weight 

Figur*  3*    M-8  Anti-G  Suit  V*lv«  Inflating  Suit. 
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Study  Guides  and  Workbooks  are  training  publications  authorized  by 
Air  Training  Contend  (ATC)  for  student  use  In  ATC  courses. 

The  STUDY  GUIDE  (SG)  presents  the  Information  you  need  to  complete 
the  unit  of  instruction  or  m«kes  assignments  for  you  to  read  in  other  publi- 
cations which  contain  the  required  Information. 

The  WORKBOOK  (WB)  contains  work  procedures  designed  to  help  you  achieve 
the  learning  objectives  of  the  unit  of  instruction.    Knowledge  acquired  from 
using  the  study  guide  will  help  you  perform  the  missions  or  exercises, 
solve  the  problems,  or  answer  questions  presented  in  the  workbook. 

The  STUDY  GUIDE  AND  WORKBOOK  (SW)  contains  both  SG  and  WB  material 
under  one  cover.    The  two  training  publications  may  be  combined  when  the 
WB  is  not  designed  for  you  to  write  in,  or  when  both  SG  and  WB  are  issued 
for  you  to  keep. 

Training  publications  are  designed  for  ATC  use  only.    They  are  updated 
as  necessary  for  training  purposes,  but  are  NOT  to  be  used  on  the  job  as 
authoritative  references  in  preference  to  Technical  Orders  or  other 
official  publications. 


Environmental  Pneudraullc  Branch  3ABRA2231-WB-313 
Chenute  AFB,  Illinois 

MAINTENANCE  OF  ANTI-G  SUIT  V^LVE 

OBJECTIVE 

After  completing  this  workbook,  you  will  be  eble  to  Impact  and 
bench  test  tha  entl-G  suit  valva.    You  will  follow  procaduras  givan  in 
TO  9P5-3-12-3,  Anti-G  Suit  Valva  (Ovarhaul) .    You  oust  complata  this 
pro J act  with  80S  accuracy.    Tha  Instructor  will  provide  minimum  assistance 
to  hslp  you  complete  tha  pro J act. 

EQUIPMENT 

Basis  of  Issus 

Electrical-Pneumatic  Trainer  (3038)        1/2  students 

Anti-G  Suit  Valva  1/student 

Ground  Laboratory  Tast  Kit  1/4  students 

TO  9P5-3-12-3  1/student 

Pliers,  Snap  Ring  l/studsnt 

Screwdriver,  Conmon  5  inch  l/studsnt 

Wrench,  Adjustable  Jaw  1/student 

PROCEDURE 

Caution:    If  you  have  any  questions  about  the  equipment,  esk 
your  Instructor  for  directions.    REMOVE  ALL  YOUR  JEWELRY  HOW. 

INTRODUCTION 

1.  Obtain  an  anti-G  suit  velvs,  part  number  (P/N)  10050  from 
locker  number  2. 

2.  Obtain  snap-ring  pliers  and  e  screwdriver  from  locker  number  2, 
and  the  wrenches  from  locker  number  3. 

3.  Obtain  a  ground  leboratofy  tast  kit  from  locksr  number  1. 

A.     Obtain  TO% 9P5-3-12-3,  Anti-G  Suit  Valve  (Overhaul),  from  the 
limited  TO  file  located  et  the  front  of  the  leboratory. 

5.     Raad  tha  Introduction  section  of  TC  9P5-3-12-3,  then  complete 
the  following  statements. 

a.  Overhaul  and  tast  instructions  for  anti-G  suit  velve 
P/N  10050  are  given  in  Sections  1  and  

b.  Additional  overha.il  and  test  Instructions  for  anti-G  suit 
valves  P/N* 12800  and  P/N  13500  era  given  in  Section   
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c.     All  parts  rtaovsd  in  ths  procsss  of  disss ssmbly  srs 
raplacsd  ising  puts  fro»  s    . 


d.     Esaovad  parts  and  raaldua  fro*  ths  rapalr  kits  ara 


6.  Raad  ths  claanlng  and  lnspactlon  paragraphs  of  TO  9P5- 3-12-3, 
than  coaplata  tha  following  atataoanta. 


a.     All  raaovad  parta  ara  claanad  ualng  a 
and  dry  claanlng  sol van t  P/H   


b.  All  acrsva  and  bolt a  ara  inapactad  for 

c.  Claanad  parta  at a  driad  ualng  , 


d.     All  vaahara  and  apacara  ara  inapactad  for 


Tha  coaponsnt  parts  of  tha  anti-G  suit  valva  ara  inapactad 


for 


f .  Tabla        m_m givaa  additional  inapactlon 
raqulraaants. 

g.  Tha  tabla  liata  inapactlon  raquiramanta  for  tha  houaing 
aa       and  tha  ramady  ia  


Not at    Hava  tha  instructor  chack  your  ansvsrs. 

BENCH  TEST  AND  ADJUSTMENT 

First  Staga  Rallaf  Valva 

1.     Locata  tha  Ovarhaul  Inatructiona  Sac t ion  of  TO  9P5-3-12-3. 
land  tha  ganaral  paragraph  for  taatlng  tha  anti-G  suit  valva,  and  ths 
paragraph  for  tasting  tha  firat  stsga  rallaf  valva.    Complata  tha 
following  ststaoant. 

a.     Tha  firat  ataga  rallaf  valva  ia  idantifiad  in  figura 
 .  aa  lndax  nunbar 


2.     Locata  tha  firat  ataga  rallaf  valva  on  tha  anti-G  suit  valva. 
Rafar  to  figura  I  of  this  taxt.    Uaa  tha  adjuatabla  jaw  vrtnch  to  raaova 
tha  valva. 
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EXHAUST  v 
PORT  -) 


SCREW 


(FROM  SYSTEM) 

PRfStUREICET 
PORT 


FIRST  STARE  INLET  VALVE 
AOJUSIMtNT  SCREW 


-PUSH-TO-TEST  BUTTON 
 RANSE  SELECTOR 


(TO  SWT) 
PRESSURE  CUTLET  PORT 


SCREW 


Figure  1.    Anti-G  Suit/  Velve  (Part  Number  10050). 

3.  Inspect  eh*.  valve  m  required  by  TO  9P5-3-12-3.    The  valve 

ie  eetisfectory   (yes/no).    If  unsatisfactory  inform  the  inetructor. 

4.  Remove  the  teet  adapter  from  the  ground  laboratory  teet  kit. 
The  test  adapter  consists  of  an  elbow  and  hose  adapter.    Refer  to  figure 
2  of  thle  workbook.    Install  the  hose  adapter  and  firet  stege  relief 
valve  in  the  teet  adapter  elbow. 

5.  Refer  to  figure  3  of  thle  workbook.  Connect  the  teat  adapter 
to  the  treiner  as  Uluetrated.  Uee  the  air  hoses  loceted  on  the  bottom 
of  the  trainer  to  make  the  connect lone. 

Not* j    Chick  Mcb  of  the  following  steps  as  you  complete  it. 

*•   Close  valve  V3  (clockwise)  and  regulator  R3 

( counter  clockirlaa)  • 


the  trainer." 

Ce 


Connect  a  hose  between  the  teet  adapter  and  D6  of 
Connect  a  hose  between  D7  end  DA  of  the  trainer. 


d«  Locete  manometer  M4;  set  it  to  read  on  the  pel  scale 

that  is  calibrated  to  read  from  xero. 

Note:    Have  the  Instructor  check  your  statements  and  hook-up 
before  you  continue. 
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Figure  2.    First  Stage  Relief  Velve  and  Test  Adapter. 
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Flfura  3.    First  Stag*  taliaf  Valva  Tot  Hook-up 
Elactrical-Pnauaatic  Trainer  (Schematic). 
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6.     HMd  the  paragraph  in  TO  9P5-3-12-3,  that  gives  instructions 
on  tasting  tha  first  ataga  ralief  valve.    Completa  tha  following 
questions/statement . 

a.      If  tha  firat  ataga  relief  valve  ia  open  below  24  psi, 
what  action  ahould  be  taken? 


b.      If  tha  firat  stage  relief  valve  ia  closed  above  27  psi, 
what  action  ahould  be  taken? 


c.     Tha  reading  on  manometer  M4  at  the  point  of  opening  ahould 

be  between   to  ____ _____  pel. 

7.      Open  valve  V3  to  apply  air  pressure  to  the  trainer. 

8*     Obaarve  manometer  M4  while  applying  air  pressure  to  the  first 
stage  relief  valve.    DO  NOT  EXCEED  THE  MAXIMUM  PRESSURE  SETTING  (27  psi) 
for  the  firat  stage  relief  valve.    Slowly  turn  regulator  R3  clockwise  until 
tha  relief  valve  opana.    You  will  hear  air  escaping  from  the  valve. 

9.     The  firat  atage  relief  valve  opens  at  _______  psi. 

Note:    Refer  to  figure  2  of  thia  workbook.    If  adjustment  is 
needed,  locate  the  adjuatment  acrew  ad  adjust  aa  needed. 

10.  After  adjuatment  the  firat  stage  relief  valve  opens  at    pal, 

which  ahould  be  between  thi  TO  apecif ication  of    to  pai. 

11.  Reduce  air  praaaura  to  tha  firat  ataga  relief  valve  by 
slowly  turning  regulator  R3  counterclockwise,  until  manometer  MA  reads 
0  pai. 

12.  After  the  air  pressure  has  dropped  to  0  psi,  disconnect  the 

hose  from  the  hoae  adapter.    Leave  the  hose  connected  to  D6  of  the  trainer. 

13.  Diaconnact  tha  hoae  from  D7.    Leave  the  hoae  connected  to  B4 
of  the  trainer. 

14.  Remove  the  hoae  adapter  from  the  elbow  of  the  teat  adapter.* 

15.  Set  the  hoae  adapter  aaida  tor  future  use. 

16.  Remove  the  first  stage  relief  valve  from  the  elbow  of  the  teat 
adapter.    Return  the  elbow  to  the  ground  laboratory  teat  kit. 

17.  Arrange  the  parte  on  the  workbench  In  an  orderly  manner.  You 
ahould  have:    a  hoae  adapter,  a  firat  atage  relief  valve,  an  anti-G  suit 
valve,  a  ground  laboratory  teet  kit,  and  hand  tools.    Tha  trainer  shr aid 
have:    a  hoae  connected  to  D4  and  a  hose  connected  to  D6. 
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First  Stags  Inlet  Valve  Assembly 

Note:    This  tsst  Is  made  to  lnsurs  thst  ths  first  stags  inlst 
vslvs  prsssurs  rsducsr  Is  maintaining  ths  corrsct  inlst  prsssurs 
to  tha  first  staga  of  tha  antl~G  suit  valve. 

1.  Install  tha  hoss  adapter  in  the  first  stage  relief  valve  port.- 

2.  Remove  the  cap  from  the  anti-G  suit  valve  inlet  port. 

3.  Refer  to  figure  4  of  this  workbook  as  you  connect  the  anti-G 
suit  valve  to  the  trainer. 

Note:    Check  each  stsp  as  you  complete  it. 

*»  Connect  the  anti-G  suit  valve,  first  stage  relief 

valve  port  to  D4  hoss. 

b»  Connect  the  hose  installed  on  D6  to  7A. 

c*   Connect  a  hose  between  7B  of  the  trainer  and  the 

anti-G  suit  valve,  inlet  port. 

Note:    Have  the  instructor  check  your  hook-up  before  you  continue. 

*•     Apply  air  prsssurs  to  the  first  stage  inlet  valve  assembly  by 
•lowly  turning  regulator  R3  clockwise. 

Note:    As  air  prsssurs  is  supplisd  to  the  first  stege  inlet  valve 
assembly,  gage  F3  and  manometer  M4  indicators  should  rise  together, 
until  both  Indicate  an  air  pressurs  of  21  to  22  psl.    As  air 
preesure  le  increased,  gage  P3  will  continue  to  rise.  Manometer 
M4  should  rsmain  at  21  to  22  psi.    This  is  the  specified  preesure 
setting  for  the  first  stage  inlet  valve  assembly. 

5.  Slowly  increase  air  pressure  until  gage  P3  indicates  30  to  35 
pel.    If  manometer  does  not  remain  at  the  specified  air  pressure, 
notify  your  instructor.    Do  not  make  any  adjustments  at  this  time.  Read 
the  adjustment  proceduree  in  TO  9P5-3-12-3.    Figure  2-1,  index  19  of  the 
TO  locates  the  adjustment  screw  on  the  anti-G  suit  valve.    Figure  1  of 
this  workbook  also  locates  the  adjustment  screw.    Refer  to  figure  2-1 

of  the  TO.    Nut  (index  14)  must  be  removed.    Loosen  lock  nut  (index  15) 
before  turning  the  adjustment  screw.    Turn  the  screw  clockwise  or  counter- 
clockwiss  until  the  desired  pressure  is  indicated  on  manometer  M4.  After 
the  adjustmen    ie  made,  the  adjustment  screw  must  be  held  in  place  before 
tightening  th*  lock  nut.    After  the  lock  nut  has  been  tightened,  install 
and  secure  nut  (index  14). 

6.  Reduce  air  pressure  by  slowly  turning  regulator  R3  counterclock- 
wise. 

7.  After  air  pressure  has  dropped  to  0  psi,  disconnect  the  hose 
from  the  hose  adapter.    Lasve  the  hose  connected  to  D4. 

8.  Do  not  remove  the  hose  connecting  7A  and  D6. 

7 
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Figure  4.    Fir ft  Stags  Inlet  Valve  Assembly  Test  Kook-up 
Electrical-Pneumatic  Trainer  (Schematic). 


9 

ERIC 


G  in 


wo 

9.      Remove  tha  hoaa  Adapter  from  the  firat  ataga  raliaf  valva  port. 

10.      Inatall  tha  flrat  ataga  raliaf  valva  In  tha  anti-G  suit  valva 
and  iightan  securely, 

U.     Return  tha  hoaa  adaptar  to  tha  ground  laboratory  taat  kit. 

12.     Arrange  tha  parta  on  tha  workbench  In  an  orderly  manner.  You 
ahould  have!    a  ground  laboratory  taat  kit,  a  cap,  and  hand  toola.  Tha 
trainer  ahould  have:    a  hoaa  connected  to  DA,  a  hoaa  connected  between 
7B  and  tha  anti-G  ault  valve  inlet  port,  and  a  hoaa  connected  between 
7A  and  D6. 

Second  Stage  Relief  Valve 

Notes    Thla  teat  la  made  to  ineure  air  pressure  in  the  second 
stage  does  not  exceed  tha  specified  air  pressure. 

1.  Raad  tha  paragraph  in  TO  9P5-3-12-3,  that  gives  instructions 
on  testing  tha  second  stage  raliaf  valve.    Complete  the  following 
statements. 

a.  The  outlet  gage  (manometer  MA)  indicates  the  maximum 
pressure  setting  of  tha  valva  as  ____  pel. 

b.  Manometer  M4  indicates  the  minimum  pressure  setting 
of  tha  valva  as  pel. 

2.  Refer  to  figure  5  of  this  text  as  you  connect  the  anti-G  ault 
valve  to  tha  trainer. 

Note:    Check  each  step  as  you  complete  it. 

a.  Remove  tha  cap  from  tha  anti-G  suit  valve  outlet  port. 

b.  Connect  tha  DA  hoaa  to  tha  anti-G  suit  valva  outlet 

port. 

Note:    Have  the  instructor  check  your  hook-up  before  you  continue. 

3.  Slowly  turn  regulator  R3  clockwise  until  gage  P3  indicates  20 

pal. 

4.  Depress  tha  anti-G  suit  valve,  push-to-test  button  and  hold 
it  down. 

5.  Observe  the  pressure  indication  on  manometer  MA  aa  air  aacapea 
from  tha  second  stage  relief  valve. 

6.  Manometer  MA  indicates   psi,  when  the  second  stage  relief 

valva  opened. 
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7.  If  the  prfseure  Mttlng  la  not  within  the  maximum  and  minimum 
range,  notify  your  instfuctor.    Do  not  maka  any  adjuatmanta  at  thla  time. 
Read  tha  adjuatmant  prooaduraa  In  TO  9P 5-3-12- 3.    Figure  2-2,  indax  6 

of  tha  TO  locataa  tha  adjuatmant  acraw  on  tha  antl-G  ault  valva.  Figure 
1  of  thla  workbook  alto  locataa  tha  adjuatmant  acraw.    Refer  to  figure 
2-2  of  tha  TO.    Nut  (index  1)  muat  be  removed.    Loosen  lock  nut  (index  2) 
before  turning  the  adjuatmant  t-rew.    Turn  the  acraw  clockwise  or 
counterclockwiee  until  tha  daalrad  preaaure  la  indicated  on  manometer 
*S.    After  tha  adjuatmant  la  made,  the  adjuatmant  screw  must  be  held  in 
place  before  tightening  .the  lock  nut.    After  the  lock  nut  has  been 
tightened,  inatall  and  aecure  nut  (index  1) . 

8.  Reduce  air  preeeure  to  the  valve  by  slowly  turning  regulator  R3 
coun car clockwise. 

9.  After  air  pressure  haa  dropped  to  0  pal,  disconnect  the  hoee 
from  the  antl-G  ault  valva,  inlet  port.    Leave  the  hoee  connected  to  7B. 

10.  Do  not  temove  tha  hoee  connecting  7 A  and  D6. 

11.  Disconnect  the  hoee  from  tha  auti-G  suit  valve,  outlet  port  and 

D4. 

12.  Arrange  the  parte  o#the  workbench  In  an  orderly  manner.  You 
should  have:    a  hoee,  a  ground  laboratory  test  kit,  two  (2)  caps,  and 
hand  toola.    Tha  trainer  should  have:    an  antl-G  suit  valve,  a  hoee 
connected,  between  7 A  and  D6,  and  a  hoee  connected  to  7B. 

Demand  Valve 

Preparation  Step 

1.  Removi  tha  ,VLM  shaped  bracket  and  mounting  nuts  from  the 
ground  laboratory  teat  kit. 

2.  Hold  the  antl-G  ault  valve  in  your  left  hand.    Tha  push- to- test 
button  muat  be  up  and  tha  identification  (ID)  plate  facing  you.  Insert 
the  "L"  shaped  bracket  from  front  t*  rear.    Secure  tha  valve  to  tha 
antl-G  ault  bracket  with  the  mounting  nute. 

3.  Mount  the  antl-G  ault  valve  on  the  tester. 

4.  Rafar  to  figure  6  of  this  workbook.    Use  the  snap-ring  pliers 
to  remove  the  snap-ring  that  holds  the  push-to-test  button  ir.  place. 
Set  the  snap-ring  Aside  for  reassembly  after  the  test  is  completed. 

5.  Remove  the  push-to-teet  button  and  pin  assembly. 

6.  Remove  the  spring.    Set  aalde  for  reassembly  after  the  test  is 
completed. 

7.  Place  only  tha  puah-to-teet  button  and  pin  assembly  back  on  the 
valve. 
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Figure  6.    Range  Selector. 

8.      Refer  to  figure  7  of  this  workbook  as  you  connoct  the  artti-G 
suit  valve  to  the  trainer* 

Note:    Check  each  step  as  you  complete  it. 

a.   Connect  a  hose  between  the  anti-G  suit  valve  outlet 

and  rp 5  on  the  trainer. 

b.  ____      Connect  a  hose  betv?en  6C  and  F4  on  the  trainer. 
Note:    Have  the  l^itri^or  check  your  hook-up  before  you  continue. 

Acceleration  Test  (LP  Position) 

1.  Set  the  range  selector  of  the  anti-G  suit  valve  to  the  LO 
position. 

2.  Remove  the  LO  weights  and  LO  adapter  from  the  ground  laboratory 
test  kit  and  arrange  them  on  the  workbench. 

Notes    The  LO  (low)  weights  are  solid  and  are  markeu  LO.    The  LO 
adapter  is  used  to  hold  the  LO  weights  on  the  push-to-test  button. 
The  adapter  has  a  G  unit  value  of  0.5  G  and  the  weights  range  in 
vslue  from  0.25  G  to  4.0  Gs. 

3.  Slowly  turn  regulator  R3  clockwise  until  gag«  P3  indicates 
40  psl. 

4.  Slowly  open  vrlve  Vll,  this  allows  air  pressure  to  be  directed 
to  manometer  M4. 
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5.  Refer  to  TI  9P5-3-12-3,  Table  3-2.    Tha  table  lists  the  weights 
used  when  simulating  a  total  "G"  load  test.    Use  the  table  to  determine 
tha  weight  needed  to  perform  the  following  tests. 

LO  RANGE  TESTS 

2.0  G      "  psi 

8.0  G   psi 

Note:    Table  3-2  in  TO  9P5-3-12-3  takes  into  account  the  1  G 
weight  that  is  inaiue  the  anti-G  suit  valve  for  both  the  LO 
and  HI  teets. 

6.  Assemble  on  the  LO  adapter  the  weight  needed  to  perform  a  LO 
range  test.  Place  tha  adapter  and  weights  on  the  push-to-test  button. 
Observe  manometer  M4  and  recoiJ  the  readings  for  each  test. 

Note:    Make  certain  the  "G"  weights  and  adapter  are  resting 
firmly  on  the  pueh-to-test  button  and  are  not  leaning.  Rotate 
the  weights  and  adapter  slowly  during  the  test,  until  the  readings 
are  constant.    This  insures  thaL  the  weights  and  adapter  are 
bearing  full  force  on  the  remand  valve. 

7.  Refer  to  figure  8  of  this  text.    The  LO  Range  Graph  indicates 
the  air  pressure  required  for  p  "iven  number  of  "G"  units.    The  pressure 
Indicated  by  manometer  M4  shouxu  fall  between  the  two  diagonal  lines. 
The  vertical  linee  indicate  the  value  of  the  weights  (G  units)  placed 

on  the  push-to-teet  button.    Read  from  this  line  horizontally  to  the 
pressure  (pel)  Indicated  by  manometer  M4.    If  the  manometer  pressure 
indication  does  not  full  between  the  diagonal  lines,  an  adjustment  must 
be  made  to  the  demand  valve. 

8.  If  manometer  M4  does  not  remain  at  the  specified  air  pressure, 
notify  the  Instructor.    Do  not  make  any  adjustment  at  th  a  time. 

Note:    Read  the  adjustment  procedures  in  TO  9P5-3-12-3.  Figure 
2-3,  index  27  cf  the  TO  locates  the  adjustment  screw  on  the 
anti-G  euit  valve.    Figure  1  of  this  workbook  also  locates  the 
adjustment  screw.    Refer  to  figure  2-3  of  the  TO.    Nut  (index  22) 
wust  be  removed.    Loosen  loc    nut  (index  23)  before  turning  the 
adjustment  screw.    Turn  the  screw  clockwise  or  counterclockwise 
until  the  desired  pressure  is  indicated  on  manometer  M**.  After 
the  adjustment  is  made,  the  adjustment  screw  must  be  held  in  place 
before  tightening  the  lock  nut.  ,  ktt*r  the  lock  nut  has  been 
tightened,  install  and  secure  nut  (inde22). 

9.  Remove  the  LO  weights  and  adryter  from  the  pueh-to-test  button. 
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Figure  8.    LO  Rang*  Graph. 
Acceleration  Xgst  (HI  Position) 

1.  Set  the  range  selector  of  the  anti-G  st^it  valve  to  the  HI 
position. 

2.  Remove  the  HI  weights  and  HI  adapter  from  the  ground  laboratory 
test  kit.  Arrange  the  LO  and  HI  weights  and  adapters  on  the  workbench. 

Notes    The  HI  (high)  weights  and  HI  adapter  are  marked  HI.  The 
weights  are  recessed  to  receive  the  LO  weights.    Both  the  HI  and 
LO  weights  are  used  to  perform  the  HI  range  tests.    The  G  unit 
value  of  the  HI  weights  end  adapter  is  the  same  as  for  the  LO 
weights  and  adapter.    The  LO  adapter  Is  not  used  for  HI  range 
teste;  return  it  to  the  test  kit. 
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3.  Refer*  to  TO  9P5- 1-12-3,  Table  3-2.    The  table  lists  the 
weight a  ueed  when  simulating  a  total  "C"  load  teat.    Use  the  table  to 
determine  the  weight  needed  to  perform  the  following  tests. 

«T  RANGE  TESTS 

2.0  G    pei 

6.0  C   psi 

8.0  G  pei 

4.  Assemble  on  the  HI  adapter  the  LO  and  HI  weights  needed  to 
perform  a  HI  range  test.    Place  the  adapter  and  weights  on  the  push- to- 
teet  button.    Observe  manometer  M4  and  record  the  readings  fot  each  test. 

Note:    Hake  certain  the  "G"  weights  and  adapter  are  resting  firmly 
on  the  push- to-test  button  and  are  not  leaning.    Rotate  the  weights 
and  adapter  slowly  during  the  test,  until  the  readings  are  conetant. 
This  insures  that  the  weights  and  adapter  are  bearing  full  force 
on  the  demand  valve. 

5.  Refer  to  figure  9  of  this  workbook.    The  HI  Range  Graph  indicates 
the  air  pressure  required  for  a  given  number  of  "G"  Amite.    The  pressure 
Indicated  by  manometer  M4  should  fall  between  the  two  diagonal  linee. 

The  vertical  linee  indicate  the  value  of  the  weights  (G  units)  placed 
on  the  push->to-teet  button.    Re  id  from  this  line  horizontally  to  the 
preeeure  (pei)  indicated  by  manometer  M4.    If  the  manometer  pressure 
indication  dose  not  fall  between  the  diagonal  lines,  an  adjustment  must 
be  made  to  the  demand  valve. 

6.  If  manometer  M4  does  not  remain  at  the  specified  air  pressure, 
*  notify  the  instructor.    Do  not  make  at«y  adjustment  at  this  time. 

Note:    Read  the  adjustment  procedures  in  TO  9P5- 3-12-3.    Figure  2-3 f 
index  27  of  the, TO  locates  the  adjustment  screw  on  the  anti-G  suit 
valve.    Figure  1  of  this  workbook  also  locates  the  adjustment  screw. 
Refer  to  figure  2-3  of  the  TO.    Nut  (index  22)  must  be  removed. 
Loosen  lock  nut  (index  23)  before  turning  the  adjustment  screw. 
Turn  the  screw  clockwise  or  counterclockwise  until  the  desired 
pressure  is  indicated  on  manometer  M4.    After  the  adjustment  is 
made,  the  adjuetment  screw  must  be  held  in  place  before  tightening 
the  lock  nut.    After  the  lock  nut  has  been  tightened,  install  and 
secure  nut  (index  22). 

7.  Rear   j  the  LO  and  HI  weights  and  HI  adapter  from  the  push-to- 
teet  button. 

Shut-Down  Steps 

1.  Reduce  air  pressure  to  the  anti-0  suit  valve  by  slowly  turning 
regulator  R3  counterclockwise. 

2.  Close  valve  V3  to  ahutoff  pressure  to  the  trainer. 
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Figure  9.    HI  lange  Graph* 

3.  Clot*  valve  Vll  to  sh  toff  preaaure  to  manometer  M4. 

4.  After  air  praaaure  has  dropped  to  A  pal,  dlaconnact  tha  hot a 
batvaan  D*  and  7A.    Stora  tha  hoaa  In  tha  bottom  of  tha  trainer. 

5.  Dlacounact  tha  hoaa  batvaan  TPS  and  tha  -nti-G  ault  valva 
outlat  port*    Plug  and  atora  tha  hoaa  In  tha  bof  ~  of  tha  tralnar. 

6.  Dlaconnact  tha  hoaa  batvaan  7B  and  tha  antl-G  ault  valva  Inlat 
port*    Plug  and  atora  tha  hoaa  In  tha  bottom  of  tha  tralnar. 

7.  Dlaconnact  tha  hoaa  batvaan  6C  and  F4.    Plug  and  atora  tha  hoaa 
in  tha  bottom  of  tha  tralnar. 

8.  Remove  tha  pueh-to-taet  button  and  pin  assembly  from  tha  antl-G 
ault  valva. 
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9«      Install  t^hs  spring,  pueh-to-test  button  and  pin  assembly ,  and 
snap  ring  back  on  tha  valva. 

10.      Reseve  tha  anti-G  ault  valva  from  the  tester. 


11.  Reaove  tha  "LM  shaped  bracket  from  the  anti-G  suit  valve. 
Return  the  "L1'  shaped  bracket  and  mounting  nuts  to  the  ground  laboratory 
teat  kit. 

12.  Return  the  LO  weights,  HI  weight*,  and  HI  adapter  to  the 
ground  laboratory  test  kit.    Store  the  test  kit  In  locker  number  1. 

13.  Cap  all  opening e  of  the  anti-G  suit  valve.    Store  the  anti-G 
suit  valve,  snap-ring  pliere,  and  screwdriver  in  locker  number  2. 

14.  Store  the  wrenches  in  locker  number  3. 

15.  Clean  the  trainer,  workbench  and  work  area. 

Note:    Check  with  the  instructor  for  further  instruction'-, 
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PROGRAMMED  TEXT  3ABR42331-PT-314 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


CANOPY  SEAL  SYSTEM 


20  August  1975 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 


This  supersedes  3ABR42231-PT-314,  18  September  1972;  3ABR42231-PT-409A, 
27  May  1971. 
OPR:  TAS 
DISTRIBUTION:  X 

TAS  -  150;  TTVGC  -  2 


Designed  Fer  ATC  Course  Use 


00  NOT  USi  OK  TN§  JO* 


aw 

Study  Guides  and  Workbooks  are  training  publications  authorized  by  Air  Training  Command  (ATC) 
for  student  use  in  ATC  courses. 

The  STUDY  GUIDE  3)  present*  the  information  you  need  to  complete  the  unit  of  instruction  or 
makes  assignments  for  you  to  read  in  other  publications  which  contain  the  required  information. 

The  WORKBOOK  (WB)  contains  work  procedures  designed  to  help  you  achieve  the  learning 
objectives  of  the  unit  of  instruction.  Knowledge  acquired  from  using  the  study  guide  will  help  you  perform 
the  missions  or  exercises,  solve  the  problems,  or  answer  questions  presented  in  the  workbook. 

The  STUDY  GUIDE  AND  WORKBOOK  (SW)  contains  both  SG  and  WB  material  under  one  cover. 
The  two  training  publications  may  be  combined  when  the  WB  is  not  designed  for  you  to  write  in,  or  when 
both  SG  and  WB  are  issued  for  you  to  keep. 

Training  publications  are  designed  for  ATC  only.  They  are  updated  as  necessary  for  training 
purposes,  but  are  NOT  to  be  used  on  the  job  as  authonu  *ive  references  in  preference  to  Technical  Orders 
or  other  official  publications. 


FOREWORD 

This  programed  text  was  prepared  for  use  in  the  3ABRA2231  in- 
structional system.    The  material  contained  herein  has  been  validated 
using  thirty  A2010  students  enrolled  in  the  3ABR42231  course.  Ninety 
percent  of  the  students  taking  this  text  surpassed  the  criterion 
called  for  in  the  approved  lesson  objective*    The  average  student 
required  0.5  hour  to  complete  the  text. 

OB  TECTIVES 

1,  Identify  each  component. 

2,  Explain  the  functiou  of  each  component. 

3.  Trace  the  flow  of  air  through  the  system  for  normal  and 
testing  operation. 

4.  Explain  the  purpose  and  analyze  system  operation. 

INSTRUCTIONS 

NOTE:  BEFORE  PROCEEDING,  REMOVE  THE  RESPONSE  SHEET  AT  THE 
BACK  OF  THIS  TEXT.  ENTER  YOUR  ANSWERS  FOR  FRAME  EXERCISES 
ON  THE  RESPONSE  SHEET 

This  programmed  text  presents  information  in  small  steps  called 
"frames."    After  each  frame,  you  are  expected  to  respond  by  supplying 
a  word,  or  words,  to  complete  the  sentence,  choose  either  a  true  or 
false  statement,  select  the  correct  answer,  or  match  some  term  to 
their  proper  meaning. 

Read  the  material  presented,  select  your  response (s)  as  required 
at  the  end  of  the  frame.    After  you  have  made  your  seL  ution  check 
your  responses  on  the  top  of  the  next  page.    DO  NOT  MARK  IV  THIS 
TEXT.    If  your  selectione  were  correct,  go  on  to  the  next  frame  and 
r«peat  the  above  process.    If  you  made  an  incorrect  response,  reread 
the  frame  until  you  understand  your  error. 
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am 

Frame  1 


High  altitude  aircraft  ua'i  a  preeaurisation  ayatem  for  the 
comfort  and  aafaty  of  the  crew.    The  canopy  aeal  (Inflatable  tube) 
la  located  between  the  craopy  and  the  aircraft  fuaelage,  eee  below. 
When  thla  aeal  la  inflated  it  will  etop  the  loee  of  cockpit  preaaure 
when  air  praeeure  lnaide  the  aircraft  ia  more  than  the  air  preaaure 
outaide  of  the  aircraft.    The  eeal  can  be  faatened  to  the  aircraft 
or  the  canopy  and  give  the  eama  reeulta.    A  regulator  ie  put  in  the 
ayatem  to  control  praeeure  in  the  aeal.    By  controlling  preaaure, 
the  regulator  will  keep  the  eoal  from  rupturing. 


•It  AK  A  WAY  HTTINO 


Anewar  the  atatemanta  (T)  or  falae.(F). 


fte 

The 

canopy 

aeal  prevents  the  loss  of  cockpit  pressure. 

b. 

The 

canopy 

aeal  is  always  faatened  to  the  canopy. 

Ce 

Low 

preaaure  in  the  seal  will  cause  it  to  rupture. 

d. 

The 

canopy 

seal  preventa  a  loss  of  cabin  pressure  at  any 

altitude. 

e. 

The 

canopy 

seal  regulator  controls  pressure  in  the  cockpit. 

f. 

The 

canopy 

seal  is  inflated  to  make  the  proper  seal. 

t)OD 
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Ansvars  to  fx  mm*  U    ft.       T    .    b.       T    .    c.       T    .    d.  — £ — » 

£    »  T 

Fraaa  2 

Tha  ml  is  aada  of  rubbar.    Whan  ragulatad  air  prtnun  it 
applied,  tha  aaal  axparida  and  nakas  a  aaal  batvaan  tha  canopy  and 
tha  cockpit. 

Idantify  tha  atataaant  that  talla  how  tha  canopy  aaal  makas 
tha  canopy  airtight*  ^ 

a.  By  aaa  laval  air  praaaura  in  tha  aaal,  causing  it  to 
axpand  at  altituda. 

b.  By  applying  a  constant  ragulatad  air  praasura  to  tha  aaal, 
causing  it  to  axpand. 

c.  By  bloving  tha  saal  up  as  you  would  a  car  tira. 


LOW  FfitSSUftf  Alt 


Answer  to  Frame  2:  b 

Frame  3 

A  hallows  la  a  vanted  type  flexible  container  (such  as  the 
flexible  part  of  an  accordian)  that  connects  two  units.    Look  at  the 
diagram,  the  bellows  In  the  canopy  seal  system  Is  used  to 

a*     vent  the  canopy  seal  to  the  atmosphere. 

b.  vent  the  canopy  seal  to  the  cockpit. 

c.  provide  a  test  port  connection* 

d.  connect  the  canopy  seal  to  the  rest  of  the  system  when 
the  canopy  Is  closed. 
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7W         ,  A 

Answer  fo  Fran*  3:  a 
Fraoe  4 

The  canopy  seal  ia  expanded  by  air  at  a  low  pressure.    This  low 
pressure  air  la  from  the  auxiliary  air  source  and  flows  through  the 
canopy  seal  regulator. 

The  canopy  seal  air  ;  assure  is  regulated  by  the 

cockpit  pressure  regulator. 

b.  air  conditioning  system  pressure  regulating  and  shutoff 
valve • 

c.  canopy  seal  pressure  regulator. 


hay 
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Answer  to  Frame  4;  c 


Frame  5 

The  regulator  keeps  a  20  to  24  psi  of  air  pressure  in  the  seal 
during  pressurized  flight.    Operation  of  the  regulator  is  covered 
later  in  tne  text. 

Which  of  the  following  states  the  purpose  of  the  canopy  seal 
pressure  regulator? 

a.  Keeps  20  to  24  psi  of  air  pressure  to  canopy  seal  during 
pressurized  flight, 

b.  Regulates  the  air  pressure  leaving  the  canopy  seajL  at  20  psi. 

v 

c.  Keeps  a  20  to  24  psi  differential  air  pressure  between  the 
swal  and  cockpit  pressure. 


Anaver  to  Frame  5t  a 

*TAM  6 

Particles,  such  as  soot,  that  may  be  found  in  the  auxiliary  air 
•ourca  could  ba  harmful  to  tha  canopy  saal  and  the  canopy  seal 
components.    Look  at  tha  diagram.    Which  of  the  items  is  used  to 
take  out  particles  from  the  air  used  by  the  canopy  seal  system? 

a.  Canopy  Saal  Bellows 

b.  Filter 

c.  Check  Valve 

d.  Pressure  Regulator 


J 


Amvir  to  Frame  6:  b 


W3 

Frame  7 


The  seal  is  placed  in  a  channel  of  the  canopy.    The  rest  of 
the  aye tea  la  In  the  fuselagt*    Look  at  the  diagram.    Identify  the 
atataaent  that  telle  how  the  seal  ia  connected  to  the  system,  when 
the  canopy  ia  closed* 

a.  A  quick  diaconnect  fitting, 

b.  A  channel  band  clamp* 
c*  Canopy  seal  bellows, 
d.  A  band  clamp. 


TO  TIST  fOlT 


IOW  MESSUM  Ait 
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Answer  to  Fraae  7t  c 


Freae  8 

The  canopy  seal  check  valve  stops  tbs  sir  thst  flows  to  the  seal 
from  flowing  back  to  ths  auxiliary  air  source,  when  the  ground  test 
port  is  used.    Look  at  the  diagram.    When  will  the  check  valve  stop 
he  flow  of  air  to  the  auxiliary  air  source? 

a*     During  all  pressurised  flight. 

b.  When  using  the  ground  test  port. 

c.  When  deflating  the  seal. 


8 


Answer  to  Frame  8:  b 


Frame  9 

The  system  has  a  test  port  that  is  used  to  check  for  leaks  and 
operation  when  the  aircraft  is  on  the  ground*    A  ground  air  cart 
is  used  as  a  pressure  source  when  ground  checks  need  to  be  made* 
Which  statement  tells  where  the  ground  air  cart  is  connected  to  the 
system? 

a*  At  the  bellows* 

b.  At  the  pressure  regulator* 

c*  At  the  filter* 

d*  At  the  ground  test  port. 


low  MtSSUftC  All 


Btfl 

\ 


Aaavar  to  Frana  St  d 
Fraw*  10 

Look  at  tha  diagram.    Match  tha  componanta  with  tha  lattar  that 
idantifiaa  tha  coaponant  in  tha  diagram. 


1. 

Ch«ck  V«lv« 

2. 

S««I 

3. 

Regulator 

A. 

PUMt 

5. 

IOW  MISSUtI  All 


G.t: 


10 
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Answers  to  Frame  10: 


1. 
5. 


2. 


3. 


A. 


Frame  11 


The  canopy  8 ami  regulator  controls  the  air  la  the  ear'  to  20 
and  24  pal.    The  regulator  haa  a  shut off  and  dump  valve.  High 
preseure  air  is  tapped  off  of  the  engine  bleed  air  duct.    A  solenoid 
is  used  to  control  the  position  of  the  shut off  and  dump  valve.  The 
solenoid  is  energized  by  28V  DC.    Study  the  diagram  below. 


SOLENOID 


TO  Canopy 


VENT 

NORMAL  POSITION 
SOLENOID  ENERGIZED 


28VDC  IUS 


—  SOLENOID 


FROM 
CANOPY 


SOLENOID  DE  ENERGIZED 


AIR  UNDER 
PRESSURE 


AiR 
VENTED 


6tf 


Canopy  Seal  Regulator-Flow  Illustrations. 
Answer  tha  statements  as  true  (T)  or  false  (F) . 

a.  The  canopy  seal  regulator  controls  air  to  the  canopy  seal. 

b.  The  regulator  maintains  a  pressure  of  20  to  2A  psi  in  the 
seal. 

c.  Engine  bleed  air  is  used  *s  a  source  of  air  prepare  to  the 
canopy  seal  regulator. 

d.  The  voltage  needed  to  energize  the  solenoid  is  28V  DC, 

e.  The  regulator  is  a  combination  regulator,  shut off  valve, 
and  damp  valve. 
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Answers  to  Frame  11;    a.       T    .    b.       T    t    c.       T    »    d.       T  » 

e.  T 

Frame  12 

Look  at  the  diagrav  aa  wa  diacuaa  operation  of  the  regulator 
with  the  canopy  cloaad.    Locate  the  ahutoff  and  dump  valve,  upper 
chamber,  control  chamber,  lower  chamber  and  balancing  chamber. 
When  th*  canopy  la  closed f  It  energlzea  the  solenoid.    The  solenoid 
can  than  pull  the  ahutoff  and  dump  valve  UP.    In  this  position  the 
shutoff  part  of  the  valve  opene  a  port  for  air  to  flow  to  the  seal. 
The  flow  of  air  ia  from  the  control  chamber  of  the  regulator.  The 
dump  part  of  the  valve  will  close  the  overboard  dump  port. 
Pressurized  engine  bleed  air  flows  to  the  lower  chamber.    The  top 
spring  will  force  the  poppet  valve  down  and  away  from  the  seat. 
Thia  takes  place  when  there  la  not  enough  air  pressure  on  the  bottom 
side  of  the  two  diaphragms.    Air  can  then  flow  into  the  control 
chamber  and  balancing,  chamber.    When  the  pressure  in  these  two 
chambers  overcomes  spring  tension  the  poppet  valve  will  close.  This 
shuts  off  the  flow  of  air  to  the  canopy  seal  and  keeps  a  pressure  of 
20  to  24  psi  in  the  seal. 


Canopy  Seal  Regulator-Inflating. 


Answer  the  statamenta  as  true  (T)  or  false  (F) . 

a.  EBA  (engine  bleed  air)  is  applied  to  the  lover  chamber, 

b.  The  upper  spring  closes  the  poppet  valve. 

c.  The  poppe;  valve  cloaea  when  the  upper  spring  compresses. 

d.  When  the  poppet  valve  cloaea  there  is  a  pressure  of  20  -  24 
pal  in  the  seal  with  the  solenoid  energized. 


Anawera  to  Fran*  12:    a.       I    «    b.       f    »    c.       T    .    d.  T 

Frame  13 


Look  at  the  di* gram  aa  we  discuss  operation  of  the  system  with 
the  canopy  open.    When  the  canopy  ia  opened  the  solenoid  is  deenergized. 
The  spring  car  then  push  the  shutoff  and  dump  valve  down.    The  shutoff 
part  of  the  valve  stops  the  flow  of  regulated  air  to  the  seal.    Air  in 
the  seal  can  flow  past  the  dump  part  of  the  valve  and  will  vent 
overboard. 


Canopy  Seal  Regulator-Deflating. 
Answer  the  statements  as  true  (T)  or  false  (F) • 

a.  When  the  canopy  is  opened  the  solenoid  deenergizes. 

b.  When  the  solenoid  deenergizes ,  spring  tension  opens  the 
dump  valve  and  closes  the  shutoff  valve. 

c.  When  the  solenoid  energizee,  the  dump  v  lv*  closes  and  the 
shutoff  valve  opens, 

J.      When  the  solenoid  dearer gi  zes  the  ai r  flows  from  the  canopy 
seal  to  ths  overboara  dump. 
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Answers  to  Frame  13*  a.  T  .  b.  T  .  c.  T  ,  d.  T 
Fvaaa  14 

That  la  ah  out  it  for  the  canopy  seal  system.    The  next  thing 
you  will  do  is  adjust  the  canopy  seal  regulator.    You  will  do  this 
in  the  next  project. 

No  Response  Required 


14 
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Environmental  Pnaudraulic  Branch  3ABR42331-WB-314 
Chanute  AfB,  Illinoie  26  February  1976 

MAINTENANCE  OF  CANOPY  SEAL  REGULATORS 

OBJECTIVES 

Using  chla  workbook,  TO,  and  trainer,  you  will: 

1.  Impact  a  canopy  aaal  regulator. 

2.  Banch  taat  a  canopy  aaal  regulator. 

Standard  of  parformanca: 

Your  parformanca  will  ba  observed  and  measured  against  an  instructor 
checklist.    You  must  conplata  tha  project  with  100Z  accuracy. 

EQUIPMENT 

Basis  of  Issue 

Canopy  Seal  Regulator  P/N  10752  l/student 

Electrical  Pneumatic  Trainer  #3038  l/student 

4  Inch  Coosttn  Screwdriver  l/student 

3/8  Inch  Open-End  Wrench  l/student 

TO  16R1-4-2-3  l/student 

PROCEDURE 

REMOVE  YOUR  JEWELRY 

1.  Your  instructor  will  assign  you  an  electrical  pneumatic  trainer 
P/N  3038. 

2.  Go  to  equipment  locker  number  2  and  get  a  canopy  seal  regulator 
P/N  10752. 

3.  Use  the  index  on  the  TO  fie  cabinet  to  find  the  overhaul  with 
parte  breakdown  technical  order  fox  "Ms  regulator. 

a.     Answer  the  following  questions: 

(1)    What  ia  tha  correct  TO  number?  _ 


4.     Get  the  correct  TO  from  the  TO  file  cabinet. 

a.      In  tha  TO  find  tha  Leading  Particulars  for  tLe  regulator 
and  complete  the  following  statements. 


Supersedes  3ABRA2231-WB-314,  12  November  1975. 
OPRt  TAS 
DISTRIBUTION  t  X 
TAS  -  200}  TTVCC  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 

1 


(1)  Maxima  inlet  preaaure  for  Regulator  P/N  10752  la 

(2)  Regulator  outlat  praaaura  for  P/>'  10752  la  

b.     Using  tha  TO  find  tha  inspection  requirements  and  answer  the 
following  statements. 

(1)  Inspect  all  parts  for  evidence  of  > 
»  and  , 

(2)  Inapect  all  threaded  areaa  for  >   > 

»  or  . 

c«     Visually  inspect  your  regulator  and  list  any  discrepancies 

below. 


d.  TO  paragraph  5,  items  a  and  b,  would  ba  followed  to  repair 
and/or  replace  any  parti  which  do  not  meet  Inspection  requirements. 

e.  Have  the  instructor  check  your  answers. 

5.  Trainer  preparation. 

a.  Place  switches  SI  and  S2  in  the  OFF  position, 

b.  Plug  the  trainer  power  cables  in  the  proper  wall  receptacle. 
Make  aura  that  all  circuit  breakere  on  tha  left  end  of  tha  trainer  are 
pushed  in. 

6.  Teat  procedures. 

a.  Safer  to  the  hookup  shown  in  figure  1  to  coop  lets  the 
following  a tape. 

b.  Connect  the  two  wires  on  the  regulator  to  the  correct 
electrical  pine  on  tha  trainer  electrical  patch  panel.    Note:    It  does 
not  setter  which  wire  of  tha  eolenoid  goes  to  D  or  R  on  the  trainer 
electrical  patch  penal. 

c.  Tha  hoaea  are  indicated  by  heavy  black  lines  in  figure  1. 
Gat  tha  ho*  as  frosi  tha  bottom  of  tha  trainer.    Connect  the  hoeea  to  the 
regulator  aa  shown.    Do  Mot  use  a  wrench  to  tighten  the  "B"  nut  as  finger 
tightnaos  la  eufficient  for  thia  teat. 


ADJUSTMENT  SCREW 


VENT  tut 


Figure  1. 

d.  Remove  the  plug  from  the  vent  port  of  the  valve.    Then  heve 
your  instructor  check  your  hookup  before  continuing. 

e.  Place  the  M4  manometer  to  the  pounds  and  tenths  scale. 
This  scale  begins  with  aero* 

f .  Place  switch  SI  in  the  "ON"  position.    DC  voltmeter  will 
read  25  ±  5  volts.    Switch  S2  will  remain  in  the  "OFF"  position. 

g.  Open  valve  V3  (countarclockwiea). 

h.  Turn  R3  clockwise  until  gage  PI  reads  50  psi.    At  this  point 
we  are  simulating  th«  aircraft  engine  that  ia  operating  with  the  canopy 
open.    The  canopy  s*    regulator  solenoid  is  deenergized  leaving  the  canopy 
seal  deflated. 

i.  Place  switch  S2  in  position  number  3.    This  energizes  the 
canopy  seal  regulator  solenoid  or  simulates  closing  of  the  canopy.  If 
the  regulator  is  adjusted  correctly,  manometer  M4  will  read  20  to  24  psi. 
This  is  the  amount  of  pressure  actually  going  inside  the  canopy  seal. 

If  the  reading  on  manometer  N4  is  not  between  20  to  24  psi  you  will 
have  to  t  Just  the  canopy  seal  regulator.    Adjustment  procedures  can  be 
found  on  page  3,  paragraph  8bf  of  the  TO.    Make  any  adjustments  now  if 
nacessary.    Refer  to  figure  1  in  this  '  >rfcbook  to  find  the  adjustment 
screw.    Have  your  ins true tor  check  your  manometer  reading. 

j.     Move  switch  S2  between  position  "3"  and  "OFF11  several 
times.    The  "OF*   position  will  deenergize  the  solenoid  letting  the  seal 
deflate  and  the  manometer  read  aero.    This  is  to  check  for  a  sticking 
solenoid* 


671 


p 


k.     Place  evitca  S2  in  the  "OFF"  poaition. 

0 

1.     Turn  R3  counterclockwise  until  preaaura  gag*  pi  r«ada  zero, 
a.     Turn  valve  V3  dockviee  until  cloaad. 
n.     Placa  twitch  SI  in  tha  "OFF"  poaition. 

# 

o.     Dlaconnact  canopy  sail  regulator,  inatall  vant  cap  and 
raturn  tha  valva  to  locker  #2. 

.    t.  „     PI     Caf  411  411  Porta,  plug  all  ho.es,  and  raturn  air  hoaea 
to  bottoa  of  trainer. 

.  .  <•     Unplug  tha  trainar  and  raport  to  tha  inatructor.  Have 

hi«  chock  your  work  araa  bafora  you  leave. 


) 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  the  3ABR42231  Instruc- 
tional System.    The  material  contained  herein  has  been  validated  using 
thirty  42010  students  enrolled  in  the  3ABR42231  course.    Ninety  percent 
of  the  students  taking  this  text  surpassed  the  criterion  called  for  in  the 
approved  leslt%  objective.    The  average  student  required  54  minutes  to 
complete  the  text. 

OBJECTIVES 

Successful  completion  of  this  prop~"immed  text  will  enable  the 
student  to  respond  accurately  to  a  min-impm  of  70%  of  the  measurement 
questions  on  the  following  objectives. 

1.  Identify  as  either  true  or  false  statements  that  describe: 

a.  The  purpose  of  a  pressurization  system. 

b.  Effects  on  the  human  body  caused  by  the  lack  of 
pressurization  at  high  altitudes. 

c.  The  normal  methods  of  controlling  air  flow  in  a 
pressurized  compartment;. 

d.  Terms  appropriate  to  pressurization  systems. 

2.  Match  statements  describing  the  function  of  sections  of 
a  pressure  regulator  with  those  sections. 

3.  Match  components  with  statements  that  describe  their  functions. 

4.  Referring  to  a  chart  identify  as  true  or  false  statements 
about  cockpit  and  aircraft  altitude. 

5.  Refer  to  a  chart  to  determine  aircraft  altitude >  differential 
pressure,  and  cabin  altitude  or  pressure. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called 
"frames ."    After  reading  each  step,  you  are  asked  to  complete  a  state- 
ment, match  statements,  or  respond  in  some  other  way.    Read  the  material 
and  make  your  response  as  directed  by  the  frame.    DO  NOT  MARK  IN  THIS 
TEXT.    After  you  have  made  your  response,  compare  your  answer  with  the 
correct  answer  found  at  the  top  of  the  next  even  numbered  page.  Should 
you  respond  incorrectly,  reread  the  frame  to  clarify  the  information, 
then  continue.    If  necessary,  you  may  go  back  to  check  a  fact  or  a 
principle,  but  do  not  skip  ahead  unless  you  are  told  to  do  so  in  the 
package. 

Use  chis  simple  rule:    READ — RESPOND — CONFIRM — ADVANCE . 

You  will  not  be  graded  on  how  fast  you  complete  this  material. 
You  will  be  tested  on  what  you  have  learned. 

Supersedes  3ABR42231-PT-315 ,  31  May  1973. 
OPR:  TAS 
DISTRIBUTION:  X 

TAS  -  150;  TTVGC  -  2 


Frame  1 


As  long  as  a  pilot  flies  close  to  sea  level  (where  he  was  designed 
to  be),  atmospheric  pressure  will  force  nitrogen,  oxygen  and  other  gases 
into  his  lungs  and  throughout  his  body.    He  needs  the  right  amount  of 
these  gases  to  function.    He  needs  them  to  live.    However,  as  a  plane 
gains  altitude,  atmospheric  pressure  goes  down.    The  pilot  gets  to  a 
point  In  his  flight  where  there  is  not  enough  pressure.    Low  atmospheric 
pressure  will  not  force  the  gases  he  needs  through  his  system  and  his 
body  will  fail.    Now  he  is  faced  with  a  real  problem.    At  high  altitudes 
his  body  functions  become  so  affected  that  he  has  periods  of  dizziness, 
muscular  weakness  and  at  times  severe  pain. 

Lack  of  oxygen  can  cause  poor  vision,  Increased  heartbeat,  dizzi- 
ness, and  muscle  fatigue.    Any  of  the  symptoms  ase  known  as  hypoxia. 

Nitrogen  starts  to  bubble  at  very  low  pressure.    The  bubbles,  as 
they  pass  through  the  body,  cause  much  pain  in  the  muscles  and  joints. 
This  symptom  is  known  as  the  "bends."    The  bubbles  in  the  blood  that 
pass  through  the  chest  area  cause  difficulty  In  breathing.    This  is 
known  as  the  "chokes."    Als  the  bubbles  work  their  way  through  body 
tissues,  skin  blotches  and  itching  occur  and  this  is  called  the 
"creeps."  \ 

So,  it  is  not  a  matter  of  what  IS  there,  at  high  altitudes  that 
does  cause  discomfort,  but  rather,  what  is  NOT  there.    And  the  important 
thing  that  is  not  there,  is  atmdspherie^ pressure .    To  fix  this  problem, 
aircraft  crew  compartments  (cabin,  cockpit)  hive  been  pressurized. 

Answer  the  statements  as  true  (T)  '»r  f als^  (F) .  ' 

1.  High  altitudes  have  no  effect  on  the  human  body. 

2.  Atmospheric  pressure  is  needed  to  force  the  necessary  gases 
through  the  body.  ' 

3.  As  altitude  is  decreased,  atmospheric  pressure  is  increased. 
A.      Oxygen  begins  to  bubble  at  a  very  low  pressure. 

5.  The  "bends"  is  caused  by  lack  of  nitrogen. 

6.  The  absence  of  nitrogen  and  oxygen  at  high  altitudes  is 
what  causes  the  body  to  fail. 

7.  If  man  is  to  fly  and  function  at  high  altitudes,  he  must 
stay  within  a  pressurized  compartment. 

8.  The  terms  crew  compartment,  cockpit,  and  cabin,  have  the 
saae  meaning. 
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Frame  2 

To  help  you  dee  the  relationship  between  atmospheric  pressure  and 
altitude,  table  1  was  made.    You  can  see  that  an  increase  in  altitude 
will  result  in  a  decrease  In  atmospheric  pressure.    The  chart  is  a 
simplified  version  of  a  more  complicated  technical  order  chart* 
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Table  1.    Relation  Between  Altitude  and  Atmospheric  Pressure. 

Using  table  1  and  the  response  sheet,  fill  in  the  blanks  showing 
atmospheric  pressure  at  various  altitudes. 


1.  sea  level. 

2.  12,000  ft. 

3.  25,000  ft. 

4.  50,000  ft. 

5.  100,000  ft. 


At  what  altitude  would  the  aircraft  be  if  atmospheric  pressure  is 

6.  8.99  psi 

7.  6.76  psi 

8.  2.60  psi 

9.  1.05  psi 
10.    .252  psi 
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Frame  3 


We  now  know  that  the  aircraft  cabin  must  be  pressurized  for  high 
altitude  flying.    Let  us  find  out  where  we  get  the  pressure.    Is  the  cabin 
pressurized  by  some  sort  of  air  compressor  before  flight?    Do  the  crew 
members  take  bottles  of  air  pressure  with  them?    Is  there  a  system  on  the 
plane  that  makes  the  pressure?    All  of  these  ideas  could  be  right.    A  sys- 
tem on  the  aircraft  is  felt  to  be  the  best  method  of  pressurising. 

Most  planes  that  fly  at  great  heights  are  run  by  jet  engines.  The 
engine  compressor  section  supplies  air  pressure  for  operation  of  various 
systems  on  the  plane*    One  of  the  systems  that  is  run  by  engine  bleed 
air  (EBA),  from  the  engine  compressor  section,  is  the  air  conditioning 
system.    This  system,  In  turn,  supplies  a  flow  of  air  to  heat,  cool,  and 
pressurize  the  cabin.    So,  if  the  air  conditioning  system  fails,  cabin 
pressurization  will  be  lost. 

Answer  the  statements  as  tru ».  (T)  or  false  (F) . 

1.  Most  aircraft  that  fly  $t  high  altitudes  are  Jet  powered. 

2.  The  compressor  section  is  a  feature  of  a^jet  engine. 

3.  The  air  conditioning  system  is  driven/by  air  from  the  engine 
compressor  section.  ^ 

4.  The  air  conditioning  system  supplies  air  for  cabin  pressurization. 

5.  Failure  of  the  air  conditioning  system  will  have  no  effect  on  cabin 
pressurization. 
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Frame  4 

You  must  be  familiar  with  some  terms  used  with  cabin  pressurization. 
The  terms  defined  below  will  be  used  in  your  training  on  pressurization 
principles.    It  is  important  that  you  learn  the  meaning  of  each  term. 
If  you  do  not »  the  rest  of  this  text  and  others  to  follow  will  be  hard 
for  you  to  understand. 

1.    PSI6  -    Pounds  per  square  Inch  gage.    The  pressure  shown  on  a  gage. 
Does  not  Include  atmospheric  pressure. 

?.    PSIA  -    Pounds  per  square  inch  absolute,  in  reference  to  zero.  To 
find  PSIA,  take  the  pressure  shown  on  a  gage  and  add  the 
atmospheric  pressure  to  it. 

3.    PSID  -    Pounds  per  square  irch  differential.    This  is  the  difference 
in  two  pressures.    For  example:    cabin  pressure  is  12  PSIA 
and  atmospheric  pressure  is  9  PSIA.    The  PSID  is  3  PSI. 


4.  Engine  Bleed  Air  (EBA)  -  This  is  the  supply  of  air  that  comes  from 

the  engine  compressor  section.    The  engine 
bleed  air  drives  the  air  conditioning 
system. 

5.  Atmospheric  Pressure  -     The  pressure  of  the  air  mass  surrounding 

the  earth.    At  sea  level  this  pressure  is 
approximately  14,7  psi  and  it  decreases 
as  altitude  increases. 

6.  Cabin  Pressure  -  The  amount  of  air  pressure  inside  the  aircraft 

cabin  or  crew  compartment* 

7.  Aircraft  Altitude  -  The  exact  height  at  which  the  aircraft  is 

located.    Measured  in  feet  from  sea  level fup. 
This  altitude  can  be  found  if  you  know  the  cabin 
altitude  and  the  differential  pressure.    Here  is 
how  it  works;    the  cabin  altitude  is  20,000  feet, 
that  is  equal  to  a  pressure  of  6.76  psia.  The 
differential  pressure  is  4.0  psid.    You  know  that 
4.0  psid  means  that  the  pressure  in  the  cabin  is 
4.0  psi  more  than  the  atmospheric  pressure. 
You  would  then  subtract  4.0  psid  from  6.76  psia. 
that  leaves  2.76  psia.    Thi3  is  the  atmospheric 
pressure.    The  2.76  psia  19  equal  to  an  altitude 
cf  approximately  40,000  feet,  the  aircraft 
altitude. 
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Frame  4  (Cont'd) 

Cabin  Altitude  ~  A  comparison  of  cavin  pressure  to  atmospheric 

pressure  at  various  altitudes.    This  altitude  can 
be  found  if  you  know  the  aircraft  altitude  and  the 
differential  pressure.    For  example s    Let  us  say, 
the  aircraft  altitude  is  50,000  feet,  that  is  equal 
to  a  pressure  of  1.7  psia.    The  differential  pressure 
is  5.0  psid.    In  this  case,  you  would  have  to  add 
5.0  psid  to  1.7  psia.    5.0  psia  plus  1.7  psia  is 
equal  to  6.7  psia.    The  6.7  psia  is  equal  to  a  cabin 
altitude  of  approximately  20,000  feet. 

Isobaric  Range  -  Two  points  in  cabin  altitude  between  which  cabin 
pressure  remains  constant.    One  point  is  where 
cabin  pressurization  begins  and  the  other  point  is 
where  the  constant  pressure  erds^and  differential 
pressure  takes  over.    See  figure  1.    Notice  that 
there  are  three  ranges  of  cabin  pressurization. 
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AltPf  ANl  AITITUDI'THOUSAND  MIT 
—  FLIGHT  SCHIOU1I  Of  MISSUtlZtD  CAlIN 


PRESSURIZATION  SCHEDULE  N*w 
Figure  1. 

Aneroid  or  Evacuated  Bellows  -  a  metallic  bellows  from  which  all  air 

has  been  removed.    It  is  sealed  so  no 
pressure  can  get  in  or  out.  The 
aneroid  is  sensitive  to  changes  in 
atmospheric  pvessure.    The  aneroid 
reacts  to  atmospheric  pressure  above 
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Frame  4  (Cont'd) 

c 

and  below  10  psi.    A  guide  spring  inside 
the  aneroid  sets  this  pressure.  When 
atmospheric  pressure  is  above  10  psi 
the  aneroid  will  contract*    When  atmo 
spheric  pressure  is  below  10  psi  th* 
aneroid  will  expand. 

11.  Low  Differential  -  A  feature  of  certain  cabin  pressure  regulator* 

which  maintains  a  low  pressure  differential  „ 
between  the  cabin  pressure  and  atmospheric 
pressure  while  the  aircraft  is  in  a  combat  area. 

12.  High  Differential  -  A  feature  of  some  cabin  pressure  regulators 

which  maintains  a  high  pressure  differential 
between  cabin  pressure  and  atmospheric  pressure. 
Usually  found  on  noncombat  type  aircraft. 

Answer  the  statements  as  either  true  (T)  or  fal&e  (F) . 

1.  Engine  bleeu  air  comes  from  the  engine  exhaust  section. 

2.  FSID  is  gage  pressure  plus  atmospheric  pressure. 

3.  Cabin  altitude  has  to  be  the  same  as  aircraft  altitude. 

A.     Aneroid  bellows  are  filled  with  air  and  expand  under  high  pressure. 
5.     During  the  isobaric  range  cabin  pressure  remains  constant. 
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The  air  conditioning  system  always  pumps  air  into  the  cabin. 
Pressurization  will  get  too  high  if  some  sort  of  control  is  not  used. 


Figure  2. 

< 

There  is  one  type  of  control  which  is  built  in.    This  is  what  is 
known  as  normal  leakage.    Even  though' the  cabin  is  sealed,  some  air 
still  can  get  out  around  cables,  fittings,  and '•joints  In  the  metal 
pdnels.    This  leakage  is  not  enough  to  stop  overpressurization.  The 
air  conditioning  system  puts  out  a  greater  flow  ot  air  than  the  normal 
leakage  can  take  care  of* 

In  addition  to  normal  leakage,  most  plazles  use  a  device  known  as 
a  cabin  pressure  regulator.    This  unit  is  put  in  the  aircraft  cabin 
and  it  vents  to. the  outside  (atmdsphere) .    Its  function  is  sijcple. 
When  cabin  pressure  gets  too  low  (minimum; ,  the  regulator  will  close 
the  vent  to  the  outside.    This  will  allow  the  air  conditioning  system 
to  build  up  the  pressure.    If  pressure  starts  to  go  too  high  (maximum) , 
the  regulator  will  open  the  vent.    Excessive  pressure  is  damped  Into 
the  fttaosphere. 

Answer  the  statements  as  true  (T)  or  false  (F) , 

1.  Cabixr  pressure  is  supplied  by  the  air  conditioning  system. 

2.  All  aircraft  cabins  have  a  certain  amount  of  normal  leakage. 

3.  Normal  leakage  cannot  effectively  control  cabin  pressure. 

4.  The  cabin  pressure  regulator  is  actuated  by  cabin  air  temperature. 

5.  The  cabin  pressure  regulator  is  located  inside  the  aircraft  cabin. 
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Frame  6 

You  now  have  a  general  idea  q£  what  a  cabin  pressure  regulator  does. 
Let  us  take  a  close  look  to  see  just  how  one  works.    There  are  several 
types  of  regulators  and  some  of  them  are  complicated.    All  of  them  are 
made  to  automatically  control  cabin  pressure.    By  controlling  pressure, 
the  plane  can  fly  at  various  altitudes  and  the  pilot  or  flight  crew  vill 
not  have  any  discomfort  due  to  improper  pressurization. 

Most  regulators  have  two  main  parts;  (1)  the  regulator^  and  (2)  the 
outflow  valve.    These  two  parts  are  sometimes  put  together  as  one  unit 
or  they  may  be  mounted  in  different  places  in  the , cabin  and  connected 
by  air  lines  (tubing) . 

\  - 

Answer  the  statements  as  true  (T)  or  false  (F) . 
1*      There  are  ;everal  types  of  cabin  pressure  regulator  assemblies. 

2.  Cabin  pressure  regulator  assemblies  automatically  control  cabin 
pressure.  \ 

3.  Most  regulator  assemblies  are  made  up  of  only  one  main  part. 

4/      The  regulator  and  outflow  valve  must  be  Counted  at  separate 
locations  in^the  cabin. 

ft  . 

5.      The  regulator  and  put flow  valve  may  be  bolted  together  as  one  unit. 


Frame  7 


The  regulator  assembly  is  ih& tailed  INSIDE  the  cabin.    The  outflow 
valve  covers  an  opening  in  the  aircraft  skin.    When  the  outflow  valve  is 
opgtf,  cabin  air  can  flow  out  to  the  atmosphere.    Refer  to  figure  3  as  we 
talk  about  the  outflow  valve. 


ATMOSPHERIC  PRESSURE 


Figure  3. 
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In  figure  3  th^t  round  outflow  valve  has  been  cut  in  half  from  top  to 
bottom  and  you  are  looking  into  the  open  side  of  one  half.    Number  one  (1) 
is  part  of  the  valve  housing.    It  bolts  to  the  regulator  (not  shown)  and 
does  not  move.    Number  two  (2)  is  a  rubberized  diaphragm  that  allows  the 
valve  to  tpve.    Numfter  three  (3)*^s  the  valve  (shown  closed)  and  it  moves 
up  and-  down.    Number  four  (4)  is  the  lower  part  of  the  valve  housing 
that  bolts  to  the  inside  of  the  aircraft  skin.    Number  five  (5)  is  a' 
guide  bolt  on  which  the  valve  slides  up  and  dowr     "  -iber  six  (6)  is  a 
spring  which  pushds  dowuA  <?n  tha  valve  with  abqu1  ids  of  forte  to 

help  keep  the**  valve  on* seat.    Number  seven  (7)  is  f.rcraft  skin  that 

has  slits  cut  so  that  cabin  pressure  "may  vent  to  the  auiu  sphere. 

»From  the  illustration,  identify  the  name  of  each  part  at  the 
outflow  velvet*  "     . '  1    s         *  * 

a.    gftide  bolt*.  •   e.    valve  <• ' 

■  b.    upper  valve 'Housing   f.    aircraft  skin 


_c.    diaphragm  ,    '.  g.    lower  valve  housing 

_d .  spring 
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CORRECf  RESPONSES  TO  FRAME  6:  1.  _T_  2.  JT_  3'  JL  *•  JL.  s*  JL 
CORRECT  RESPONSES  TO  FRAME  7:    a.  _5_     b.  c.  _2_     d.  _6_     e.  _3 

f.    7       g.  4 
Frame  8 

When  the  plane  is  on  the  ground  and  the  air /conditioning  system  is 
off,  cabin  pressure  and  atmospheric  pressure  ar/both  at  14*7  psi.  The 
spring  in  the  outflow  valve  will  push  down  with  a  force  of  0,3  pounds. 
This  force  plus  the  atmospheric  pressure  that  comes  in  the  control  head 
'chamber  through  the  vent  line,  holds  the  outflow  valve  on  seat*  Total 
pressure  is  15  psia  (14.7  +  0.3^*  Cabin  pressure  (14.7  psia)  does  push 
up  on  the  valve,  but  can  not  overcome  the  downward  force  of  15  psia. 


NO  RESPONSE  REQUIRED 
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Frame  9 


Before  going  any  further, • let fs  briefly  review  what  has  been  covered 
thus  far. 

1*      Cabin  pressurization  is  needed  for  aircraft  that  fly  at  high 
altitudes* 


2.      Cabin  pressurization  is  provided  by  the  air  conditioning  system. 


/  3,  The  air  conditioning  system  is  driven  by  air  pressure  from  the 
engine  compressor  section, 

4.  Cabin  pressure  must  be  controlled  to  prevent  it  from  becomiag 
excessive.    The  most  common  control  device  ut»ed  to  control  pressure  is 
the  cabin  pressure  regulator  assembly, 

5.  The  regulator  assembly  is  always  located  inside  the  pres- 
surized compartnent  (cabin) • 

6*      The  regulator  assembly  is  made  of  two  major  parts,  the  outflow 
valve  and  the  regulator, 

7.  The  outflow  valve  opens  and  closes  to  allow  cabin  pressure  to 
build  up  or  be  vented  through  louvers  in  the  aircraft  skin  to  the 
atmosphere. 

8.  Control  head  pressure  is  atmospheric  pressure  plus  spring 
tension.    This  pressure  tries  to  hold  the  outflow  valve  on  seat. 

9.  Should  cabin  pressure  exceed  control  head  pressure  it  will 
offseat  the  outflow  valve. 


NO  RESPONSE  REQUIRED 
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CORRECT  RESPONSES  TO  FRAME  8:    None  required. 
CORRECT  RESPONSE  TO  FRAME  9:    None  required. 
Frame  10 

The  next  p*rt  of  the  cabin  pressure  regulator  assembly  is  the 
regulator.    The  type  ve  will  discuss  sits  on  top  of  the  outflow  valve. 
The  control  head  chamber  of  the  outflow  valve  vents  to  the  atmosphere 
through  the  regulator  control  head  chamber. 


ATMOSPHERIC  VENT 


CABIN  PRESSURE 


CABIN  PRESSURE 
CABIN  PRESSURE  REGULATOR 
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ATMOSPHERIC  PRESSURE 


REGULATOR  CONTROL  HEAD  CHAMBER 
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Figure  5. 


The  position  of  the  outflow  valve  is 

a.  Open. 

b.  Closed. 


GStf 
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Frame  11 


A  filter  and  orifice  have  been  added  to  the  illustration.    The  orifice 
(bleed  hole)  is  put  in  the  control,  head  of  the  regulator  to  let  a  small 
arount  of  cabin  air  flow  in  the  control  head  of  the  regulator.  The 
filter  is  used  to  keep  dirt  from  plugging  the  orifice.    Compare  the  size 
of  the  orifice  with  the  atmospheric  vent.    The  orifice  is  made  smaller. 
Air  can  flow  out  through  the  vent  faster  than  it  can  enter  the  control 
head  through  the  orifice. 


Figure  6. 
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CORRECT  RESPONSES  TO  FRAME  10:  b 

Fr-me  11  (Cont'd) 

Answer  the  statements  as  true  (7)  or  false  (F) . 

1.     Due  to  the  size  of  the  orifice,  the  pressure  In  the  control  head 
chamber  will  be  relieved  faster  than  it  can  be  built  up. 

2*     Reducing  the  control  head  pressure  faster  than  it  can  be  built  up 
will  let  the  cabin  pressure  open  the  outflow  valve. 

3.  If  the  filter  became  clogged  with  dirt,  the  control  head  chamber 
pressure  would  reduce  and  the  outflow  valve  would  open. 

4.  Opening  the  outflow  valve  would  reduce  the  cabin  pressure  by 
allowing  th*  cabin  air  pressure  to  flow  to  the  atmosphere. 


Si* 


1A 


Frame  12 

Identify  each  part  of  the  pressure  regulator  and  outflow  valve. 


Figure  7. 

1.  A  thin  flexible  disc  attached  to  the  outflow  valve  that  separates 
cabin  pressure  from  control  head  pressure. 

2.  Causes  movement  of  the  outflow  valve. 

3.  Applies  a  pressure  of  .2  to  .3  psi  to  the  outflow  valve  to  keep  the 
outflow  valve  from  chattering  during  its  opening  and  closing  cycles. 

4.  Controls  the  size  of  the  opening  in  the  aircraft  skin. 

5.  Controls  the  amount  of  cabin  pressure  air  flowing  to  the  atmosphere. 

6.  Allows  a  metered  amount  of  cabin  air  pressure  to  enter  the  control 
head  of  the  cabin  pressure  regulator  and  prevents  dirt  from 
plugging  or  restricting  the  orifice. 
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CORRECT  RESPONSES  TO  FRAME  11:     1.  T 


CORRECT  RESPONSES  TO  FRAME  12: 


Frame  13 


1.  _D_ 
6.  C 


2.  _T_ 
2.  D 


3«  _L 

B 


4.  _T_ 
4.  A 


5.  A 


The  illustration  shows  that  an  aneroid,  lever,  fulcrum,  and  metering 
valve  have  been  added.    The  spring  tries  to  open  the  metering  valve.  In 
Frame  4  you  were  taught  what  an  aneroid  is  and  how  it  works. 


ATMOSPHERIC  VENT 
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Figure  8. 


NO  RESPONSE  REQUIRED 
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Frame  14 


In  the  illustration,  a  spring  has  been  hooked  to  the  lever*    One  end 
of  the  spring  is  threaded  onto  a  bolt*    Turning  th*  bolt  adjusts  the  spring 
tension*    This  adjustment  sets  the  altitude  at  which  the  aneroid  will  ^lose 
the  metering  valve  \ 


Figure  9* 

Answer  the  statements  as  true  (T)  cr  false  (F) ♦ 

1*      Spring  tension  tends  to  close  the  metering  valve  by  pulling  up  on 
the  lever. 

2,     Adjusting  the  spring  tension  determines  the  altitude  &t  which  the 
metering  valve  will  close 

3*     Compressing  the  anei^M  closes  the  metering  valve. 
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CORRECT  RESPONSES  TO  FRAME  13:    None  required. 


CORRECT  RESPONSES  TO  FRAME  14:    1.  JT_     2.  JT_     3.  F 
Frame  15 

When  the  aneroid  contracts  (low  altitude,  high  pressure)  it  pulls  up  on 
the  lever  and  offseats  the  metering  valve.    This  will  let  control  head  pressure 
in  the  regulator  and  outflow  valve  escape  into  the  atmosphere.    As  dontrol 
head  pressure  drops,  the  cabin  pressure  on  the  outside  of  the  outflow  valv4 
will  force  the  valve  open*    Air  can  then  flow  out  the  opening  1st  the  aircraft 
skin.    This  will  cause  a  drop  in  cabin  pressure.    Tou  can  see  that  the  aneroid 
lua  compressed,  spring  tension  has  been  overcome  and  the  metering  valve  hae 
opened. 


Figure  10. 

Identify  the  statement  that  best  describes  the  events  that  will  occur 
following  the  opening  of  the  metering  valve. 

a.     The  control  head  chamber  pressure  in  both  the  regulator  and  the 
outflow  valve  will  bleed  to  atmosphere.    Pressure  in  the  control  head 
chamber  of  the  outflow  valve  is  reduced.    The  cabin  pressure  surrounding 
the  outflow  valve  diaphragm  will  force  the  outflow  valve  open.  Cabin 
pressure  is  drained  to  the  atmosphere. 


Frame  15  (Cont'd) 

b<      Control  head  pressure  In  both  the  regulator  and  the  outflow  valve 
will  build  up.    The  pressure  In  the  control  head  chamber  of  the  outflow 
valve  increases.    The  control  head  pressure  in  the  outflow  valve  is 
higher  than  the  cabin  pressure  surrounding  the  outflow  valve.    The  outflow 
valve  will  close  and  allow  cabin  pressure  to  build  up. 


ERLC 
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CORRECT  RESPONSES  TO  FRAME  15:  a 


Frame  16 


In  the  Illustration  shown  below,  the  aneroid  has  expanded  and  the 
spring  has  moved  the  metering  valve  to  the  closed  position. 


Figure  11. 

Identify  the  statement  that  best  describes  the  events  that  take  place 
f ollraiug  the  closing  of  the  metering  valve. 

a.  The  control  he#d  chamber  pressure  in  both  the  regulator  and  the 
outflow  valve  bleeds  to  atmosphere.    Pressure  in  the  control  head  chamber 
of  the  outflow  valve  is  reduced.    The  cabin  pressure  surrounding  the  out- 
flow valve  diaphragm  forces  the  outflow  valve  open.    Cabin  pressure  is 
drained  to  the  atmosphere.  j- 

b.  The  control  head  pressure  in  both  the  regulator  and  the  outflow 
valve  buildri  up.    Pressure  in  the  control  head  chamber  of  the  outflow 
valve  is  Increased.    Since  the  control  head  pressure  in  the  outflow  valve 
is  higher  than  the  cabin* p^Sfcsure  surrounding  it,  the  outflow  valve 
closes.    Cabin  pressure  is  allowed  to  build  up. 
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Frame  17 


The  isobaric  section  is  made  up  of  the  aneroid,  spring,  and  metering 
valve.    It  does  two  things.    It  keeps  the  cabin  from  being  pressurized 
until  the  plane  gets  to  a  preset  height.    Then  it  lets  the  cabin  be 
pressurized  but  keeps  the  amount  of  pressure  steady  until  the  plane  gets 
to  a  higher  altitude.    Go  back  to  Frame  *  and  look  at  figure  1.    You  will 
see  three  ranges  of  cabin  pressurization;  (1)  unpressurized,  (2)  isobaric, 
and  (3)  differential.    The  isobaric  section  controls  the  first  two  of 
these. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  isobaric  section  consists  of  an  aneroid,  an  adjustable  spring, 
and  a  metering  valve. 

2.  The  range  of  cabin  pressurization  at  which  a  constant  value  is 
maintained  is  called  the  differential  range. 

3.  There  are  at  least  three  ranges  in  a  cabin  pressurization  system. 

4.  The  isobaric  section  of  the  cabin  pressure  regulator  produces 
the  first  two  ranges  of  cabin  pressurization. 
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CORRECT  RESPONSES  TO  FRAME  16;  b 


CORRECT  RESPONSES  TO  FRAME  17:  1,  T 
Frame  18 


2.  F 


3.  T 


The  differential  cection  is  one  of  the  main  parts  of  a  cabin  pressure 
regulator.    Its  job  is  to  take  over  control  of  cabin  pressure  when  the 
isobaric  section  kicks  out.    In  figure  1  (Frame  4)  you  can  see  that  the 
isobaric  range  ends  at  35,000  ft.    When  the  differential  section  takes 
over  it  keeps  a  set  differential  betvee^cabin  and  atmospheric  pressure. 
The  differential  section  is  made  up  of  just  a  few  parts.    One  of  them 
is  the  metering  valve  shown  below. 


ATMOSPHMIC  ViNY 


Figure  12. 

The  metering  valve  is  moved  on  seat  or  off  seat  by  the  lever.  The 
lever  rocks  up  and  down  on  a  fulcrum  (pivot  point) .    The  lever  is  moved  by 
a  piston  which  separates  control  head  pressure  from^he  vent  port.  The 
piston  is  moved  up  and  down  by  a  diaphragm.    The  diaphragm  is  pushed  up 
or  down  by  control  head  or  atmospheric  pressure  whichever  is  greater. 
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Frame  18  (Contfd) 


Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  If  the  control  pressure  is  higher  than  the  atmospheric  pressure, 
the  diaphragm  is  forced  up  and  the  metering  valve  opens.  -f** 

2.  If  atmospheric  pressure  is  greater  than  control  pressure,  the 
diaphragm  is  forced  down  and  the  metering  valve  closes. 

3.  Opening  the  metering  valve  reduces  control  pressure  so  that  the 
outflow  valve  may  be  opened. 

4.  Closing  of  the  metering  valve  causes  control  chamber  pressure  to 
build  up  and  close  the  outflow  valve.    Opening  the  metering  valve 
causes  control  chamber  pressure  to  decrease  and  allow  the  outflow 
valve  to  be  opened. 

5.  Closing  the  metering  valve  decreases  control  chamber  pressure  and 
opens  the  outflow  valve.    Opening  the  metering  valve  increases 
control  chamber  pressure  and  closes  the  outflow  valve. 
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CORRECT  RESPONSES  TO  FRAME  18:  1.  _T_     2.  _F_     3*  -I-     *•  -I-  5* 
Frame  19 

You  can  see  In  the  Illustration  that  a  spring  has  been  hooked  to  the 

lever*    This  spring,  along  with  the  atmospheric  pressure  pushing  down  on 

the  diaphragm  and  piston,  tries  to  keep  the  metering  valve  on  seat.  The 

spring  is  adjustable  and  should  be  set  to  keep  a  5  psl  differential  between 


Figure  13. 

Identify  the  statement  which  best  describes  the  operation  of  the 
differential  section. 

a.  To  open  the  metering  valve,  control  chamber  pressure  must  be 
greater  than  the  combined  force  of  the  differential  spring  and 
atmospheric  pressure. 

b.  To  open  the  metering  valve,  the  combined  force  of  the 
atmospheric  pressure  and  spring  tension  must  be  greater  than  the 
control  head  chamber  pressure. 
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Frame  20 

Identify  each  part  of  Lhe  differential  section. 
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N-439 

Figure  14. 

1.  Controls  the  amount  of  chamber  pressure  that  bleeds  to  atmosphere 
thereby  controlling  the  opening  and  closing  of  the  outflow  valve. 

2.  Separates  atmospheric  pressure  from  control  head  pressure. 

3.  Links  the  differential  diaphragm  and  metering  valve  together  so 
that  the  diaphragm  can  control  the  position  of  the  metering  valve. 

4.  Works  with  the  atmospheric  pressure  on  the  top  of  the  differential 
diaphragm  to  close  the  metering  valve. 
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CORRECT  RESPONSES  TO  FRAME  19:  a 

CORRECT  RESPONSES  TO  FRAME  20:    1.  _D       2.  _C_     3.  _A_     4.  _B_ 
Frame  21 

Identify  each  part  of  the  cabin  pressure  regulator  and  outflow  valve. 


Figure  15* 


1.  Helps  supply  the  force  which  tends  to  keep  the  outflow  valve 
on  seat. 

2.  Opens  and  closes  to  vent  cabin  pressure  to  the  atmosphere. 

3.  Separates  outflow  valve  control  head  pressure  from  cabin  pressure. 

A*    Allows  a  small  amount  of  cabin  air  pressure  to  enter  the  regulator 
control  head  chamber* 

5.  Aids  the  aneroid  in  applying  the  force  to  close  the  metering 
valve. 

6.  Vents  control  head  pressure  to  the  atmosphere  when  the  aneroid 
is  compressed. 

7.  Vents  control  head  pressure  to  the  atmosphere  during  operation 
of  the  differential  section* 

26 
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Frame  21  (Cont'd)  4 


8.  Is  actuated  by  either  control  head  pressure  or  atmospheric 
pressure. 

9.  Expands  or  contracts  depending  on  aircraft  altitude. 

10 v    Aids  the  diaphragm  and  piston  in  positioning  the  differential 
metering  valve. 
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CORRECT  RLSPONSES  TO  FRAME  21:    1.  _G_     2.  JC_     3.  4,  C 

5-  JL.     6-  _L-     7-  JL     8,  K 
9.  _A_   10.  H 

Frame  22 

Nov  let1 3  take  everything  we've  talked  about  and  put  it  all  together 
as  an  operational  system.    Refer  to  foldout  1. 

UNPRESSURIZED  RANGE  . 

1.  Aircraft  on  the  ground  *  The  air  conditioning  is  on.  Cabin 
pressure  builds  up  both  inside  and  outside  the  regulator.    It  gets  inside 
the  regulator  through  the  filter  and  orifice  and  collapses  the  aneroid. 
This  pulls  the  isobar ic  metering  valve  off  seat  and  vents  both  control 
head  chambers  to  the  atmosphere.    Nov  the  pressure  on  the  outside  wishes 
up  on  the  outflow  valve  diaphragm  and  lifts  the  outflow  valve  of1  at. 
This  letd  cabin  pr assure  be  dumped  and  the  plane  is  unpressurized . 

2.  Aircraft  starts  to  climb  -  All  components  of  the  regulator  are 
in  the  same  position  as  when  the  aircraft  was  on  the  ground.    Keep  in 
mind  that  both  control  head  chambers  are  vented  to  the  atmosphere. 
Atmospheric  pressure  is  decreasing  as  the  aircraft  climbs. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  At  this  time  the  aneroid  is  compressed. 

2.  The  isobar ic  metering  valve  is  off  seat. 

3.  Both  control  head  chambers  are  vented  to  the  atmosphere 
through  the  isobaric  metering  valve. 

4.  Cabin  pressure  is  building  up  on  the  outside  of  the  regulator 
faster  than  it  can  bleea  through  the  orifice  Into  the  control 
head  chamber. 

5.  The  outflow  valve  is  off  seat. 

6.  The  cabin  is  not  pressurize '  while  the  aircraft  is  on  the 
ground. 

7.  As  the  aircraft  starts  to  climb,  atmospheric  pressure  starts 
to  decrease. 
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Frame  23 

ISOBARIC  RANGE 

1.  Aircraft  at  11,000  feet  -  By  the  time  the  aircraft  has  reached 
11,000  feet,  the  atmospheric  pressure  has  dropped  to  9.72  psla  (see 
table  1).    Nov  the  spring  tension  inside  the  aneroid  (10  psla)  is  greater 
than  the  pressure  in  the  control  head  chamber  (9.72  psla).    The  aneroid 
expands  to  close  the  isobarlc  metering  valve.    As  soon  as  the  metering 
valve  is  closed,  the  outflow  valve  goes  on  seat.    This  is  because  the 
pressure  inside  the  control  head  chambers  overcomes  the  cabin  pressure 
that  had  been  dumped  through  the  outflow  valve.    Once  the  outflow  valve 
goes  on  seat,  cabin  pressure  will  build  up  and  bleed  through  the 
orifice.    This  will  compress  the  aneroid  (10  psia)  and  open  the  meter- 
ing valve  again. 

2.  Aircraft  between  11,000  and  29,000  feet  -  Between  these  two 
heights  the  regulator  keeps  cycling  (opening  and  closing) .    This  keeps 
cabin  pressure  at  9.72  psia  which  is  equal  to  the  atmospheric  pressure 
at  11,000  feet.    This  is  called  "cabin  altitude."    Cabin  altitude  means 
that  the  plane  can  fly  at  any  height  between  11,000  and  29,000  feet  but 
cabin  pressure  w-11  stay  at  the  11,000  ft.  value.    Keep  in  mind  that 
all  the  time  the  plane  is  climbing,  the  pressure  on  top  of  the  differ- 
ential diaphragm  is  decreasing. 

Answer  the  statements  as  true  (T)  or  false  (F) • 

1.  During  the  isobarlc  range  cabin  pressure  is  at  a  constant  value. 

2.  Cabir^  pressure  is  kept  con&tant  by  the  cycling  (opening  and 
closing)  of  the  isobarlc  metering  valve  and  the  outflow  valve. 

3.  While  in  the  isobarlc  range,  "cabin  altitude"  is  equivalent  to 
the  atmospheric  pressure  at  one  altitude  but  the  aircraft  is 
usually  at  a  higher  altitude. 

4.  The  isobarlc  range  is  between  the  point  where  pressurlzatlon 
begins  rad  the  point  where  the  differential  section  takes  over. 
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1. 

T 

2. 

T 

3. 

T 

4. 

T       5.  T 

T 

7. 

T 

1. 

T 

2. 

T 

3. 

T 

4. 

T 

Frame  24 

DIFFERENTIAL  RANGE 

x.     Aircraft  at  29,000  feet  -  When  the  plane  is  at  299000  feet 
atmospheric  pressure  on  top  of  the  differential  diaphragm  is  down  to 
4.57  psia.    In  the  control  head  chamber  there  is  9.72  psia,  that  is  due 
to  cabin  air  bleeding  through  the  orifice.    Th*  isobar ic  metering  valve 
can  not  come  off  seat  since  the  aneroid  has  expanded  due  to  its  pressure 
(10  psia)  being  greater  than  control  head  chamber  pressure  (9.72  psia). 
The  lsobaric  section  is  now  ineffective  so  something  else  is  going  to 
h*ve  to  control  cabia  pressure. 

2.     At  this  time,  the  differential  metering  valve  is  held  on  seat 
by  4.57  psia  atmospheric  pressure  plus  5  pounds  of  spring  tension.  That 
makes  a  total  of  9.57  psia.    Control  head  cu^jber  pressure  is  at  9.72 
psia,  so,  the  differential  diaphragm  is  pushed  up  and  pu?ls  the  differ- 
ential metering  valve  off  seat.    Air  in  the  control  head  can  vent 
through  the  metering  valve  to  the  atmosphere.    Cabin  pressure  will  push 
the  outflow  valve  off  seat  and  excessive  pressure  will  be  dumped.  When 
atmospheric  pressure  plus  spring  tension  is  greater  than  the  decreasing 
control  head  pressure  the  metering  valve  will  be  forced  on  seat  and  the 
cycle  starts  over.    With  the  differential  section  in  control,  cabin 
pressure  will  stay  at  5  psi  more  than  atmospheric  pressure  no  matter 
how  high  the  aircraft  goes. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  differential  section  takes  over  control  of  preasurization  at 
the  point  where  the  isobar ic  s act ion  becomes  ineffective. 

2.  Atmospheric  pressure  plus  spring  tension  tries  to  hold  the 
differential  metering  valve  on  seat. 

3.  The  differential  metering  valve  is  forced  off  seat  when  control 
head  chamber  pressure  exceeds  atmospheric  pressure  by  5  psi. 

4.  The  differential  section  keeps  cabin  pressure  5  psi  greater 
than  atmospheric  pressure  regardless  of  aircraft  altitude. 


CORRECT  RESPONSES  TO  FRAME  24:    1.    T       2.    T       3.  JT_     4.  T 


30 


704 


/ 


3531 


N.455 


ERIC 


N.454 


Foldout  1. 
33 

705 


Frame  2 


3. 


1. 


3. 


Response  Sheet  3ABR42231-PT-315 
PRESSORIZATION  PRINCIPLES 


Prate  1         Frame  4  praae  10        Frame  17        Frame  22 

1  (Cont'd)  (Cont'd) 

*•    a.  I. 


2.   

3.  

4.    Frame  5 

5.    1.  >  

6.   

7. 


4.      2.   

  b.    „  2. 

5.    3- 


2. 
3. 


Frame  11        .  3. 
4.   

1*    Frame  18  4' 

2-    1*.    5« 

3-    2.    6' 

7. 


8.    ,  4«    3. 

  4. 


5. 


1. 
2. 


f.   

3.    „  a-    4. 


g» 


4.  b«    5 

  Frame  8  3' 

5  Frame  16  . 

3'    None  6. 

Frame  4  Required  a.   

Frame  9  0. 


7. 
8. 


2.  None  Frame  17 

  Required  9. 


1. 


10. 


35 


Frame  12        4,  Prame  23 

1.  r  1. 


  Frame  6  _ 

2.    Frame  19  z' 


3'    a,    3. 

«•    i_  4. 


4.    3    b.   

5.    L         °~        5'    Frame  20        Frame  24 

  *'    6. 


1. 
2. 


6.    s  1.   

  Frame  13 

7  2. 

  Frame  7  None  '   

8.  _  Required  3.    3. 

9.    b#  Frame  14  4.    4. 

10.    c-    1.    Frame  21 

Frame  3  d#  2*    1.   

1-    e.  ZZ       3'    2-   

2.    *  Fr«»e  15  3, 


MIHt 


M  MAN 


253? 

PROGRAMMED  TEXT  3ABR42331-PT-315A 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


FIGHTER  PRESSURIZATION  SYSTEM 


25  August  1975 


CHABUTE  TECHNICAL  TRAINING  CENTER  (ATC) 


This  supersede*  3ABR42231-PT-315A,  4  June  1973. 
OPR:  TAS 
DISTRIBUTION:  X 

TAS  -  150;    TTVGC  -  2 


■  Desifeed  Fer  ATC  Caere*  Use  —————— 

00  MOT  USt  ON  7Nf  J0» 

n-rtm 

707 

I  


1510 


FOREWORD 

This  programed  text  vu  prepared  for  use  in  the  3ABR42231  Instruc- 
t tonal  eye ten.    The  material  contained  herein  has  been  velidated  ueing 
thirty  42010  etudents  enrolled  in  the  3AMK2231  courso.    Ninety  percent 
of  the  students  taking  this  text  surpassed  the  criterion  called  for  in 
the  approved  leeeon  objective.    The  average  student  required  0.9  hour 
to  complete  the  text. 

OBJECTIVES 

After  completing  this  text  *ach  student  will  be  able  to  describe  the 
following  areas  with  70Z  eccuracy. 

1.  Purpose  of  a  preseurisation  system. 

2.  System  components. 

3.  Sections  of  system  components. 

4.  Function  of  each  component. 

INSTRUCTIONS 

This  package  presents  information  in  steps ,  aalle<^-"framea . "  After 
each  step  you  are  asked  to  choose  e  correct  response  by  matching  or 
telling  If  a  statement  is  true  (T)  from  a  list  of  statements.    Do  not 
mxk  in  the  text*    Uee  die  reference  sheet.    Read  each  frame  carefully 
and  then  select  your  answer.    The  correct  answers  will  be  found  am  the 
top  of  the  next  page.    If  you  are  right,  proceed  to  the  next  frame.  If 
you  are  wrong  or  in  doubt »  read  the  i;reme  again. 


Frame  1 


The  main  reason  for  cabin  pressurization  ie  to  make  the  air  cr  *v 
comfortable,  while  the  aircraft  la  flying  at  high  altitudes.  The 
pressurization  system  is  used  to  keep  a  differential  pressure  between 
the  Inside  and  outside  of  an  aircraft.    Most  fighter  aircraft  pressuri- 
zation systems  have  a  pneumatic  dump  valve,  a  cabin  pressure  safety 
valve,  a  cabin  pressure  regulator,  and  an  emergency  vent  handle. 

Select  the  phrases  that  will  complete  the  statement.  Indicate 
your  choice  as  true  (T)  or  false  (F). 

A  pressurization  system  provides  crew  comfort  by 

•  i 

1.  keeping  a  differential  pressure  between  the  inside  and  the 
outside  of  an  aircraft. 

2.  keeping  a  constant  pressure  in  the  cabin  regardless  of 
altitude. 

3.  keeping  cabin  pressure  at  14.7  psia. 


PNEUMATIC  DUMP  NAIVE 


CABIN  PRESSURE 
SAFETY  MUVE 


CABIN  PRESSURE 
REGULATOR 


Diagram  1. 
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CORRECT  RESPONSES  TO  FRAME  1:    1,    T         2.    F         3.  F 
Frame  2 

The  preasurisfctlcra  system  is  used  to  keep  the  cabin  at  a  desired 
pressure,  when  the  aircraft  is  flying.  Pressure  in  the  cabin  is  he^d 
in  the  proper  range  by  controlling  the  amount  of  conditioned  air  that 
leaves  the  pressurized  cabin. 

Select  the  phrases  that  will  complete  the  statement.  Indicate 
your  choice  as  true  (T)  or  false  (F) . 

A  pressurlzatlon  system  controls  the  amount  of 

1.  conditioned  air  flowing  into  the  cabin- 

2.  ram  air  entering  the  cabin. 

3.  ram  air  leaving  the  aircraft. 

4.  conditioned  air  leaving  the  cabin. 
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CORRECT  RESPONSES  TO  FRAME  2:    1.    F         2.    F         3,    F         4.  T_ 


Frame  3 

Illustrated  Is  a  cabin  pressure  regulator.    This  regulator  Is  a 
fixed  (can  not  be  adjusted)  isobarlc  single  differential  (5.0  psld) 
type.    The  text  that  you  studied  before  this  text  gave  Information 
on  this  type  of  regulator. 

This  regulator  has  an  unpressurized  range,  an  isobarlc  range,  and 
a  differential  range  of  pressurization.    This  type  of  air  pressure 
regulator  Is  used  on  some  fighter  aircraft. 


FILTER  AND  ORIFICE 


TO  DUMP  VALVE 


TO  ATMOSPHERIC  VENT 


N-437 


Diagram  2. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  fighter  aircraft  pressure  regulator  has  a  normal  and 
combat  differential  setting. 

2.  The  three  ranges  of  pressurization  are  unpresaurized, 
Isobarlc,  and  differential. 

3.  The  fighter  aircraft  has  a  fixed  Isobarlc,  single  differential 
type  of  pressure  regulator. 
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COULKCT  RESPONSES  TO  FRAME  3:    1.    i  %  m     3.  T 

Ptcm  4 

Ths  illustration  shows  ths  inaids  of  ths  rsgularor.    You  oust  kaso 
In  mind  ths  Isosbsrlc  ssctlon  i*  ussd  to  control  ths  first  two  rsngss 
of  prassurisatlon*    Also,  ths  diffarsntlal  ssctlon  is  ussd  to  control 
ths  third  rsngs.    Ths  third  ranja  will  kssp  s  dlffsrsncs  or  5.0  psid 
bstvssn  cabin  prsssurs  aud  attsosphsric  prsssurs.    Ths  thrss  rsngss 
srs:    sss  lsvsl  to  8,000  fsst  (unprsssurlssd) t  8,000  fsst  to  24,000 
fsst  (isobsric),  snd  24,000  fest  on  up  (dif fsrsntlsl) . 

This  typs  of  cabin  air  prsssurs  rsgulator  has  ths  outflow  valvs 
attachsd  to  it  as  sh  ~m  in  ths  illustration*  Ths  amount  of  air  that 
will  lsavs  ths  prsssurlzsd  arsa  is  controllsd  by  opsnlng  and  closing 
ths  outflow  valvs. 


Diagram  3. 
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Frame  4  (continued) 

Match  the  letters  in  the  illustration  with  the  functions  Hated 
below. 

It     Keeps  cebin  unpressurized  between  sea  level  and  8,000  feet. 

# 

2.  Keeps  4  5*0  psid  between  th*  cabin  and  atmospheric  pressures. 

3.  Keeps  an  8,000  feet  cabin  altitude  pressure  between  aircraft 
altitudes  of  8,000  feet  end  24,000  feet. 

Answer  the  statements  true  (T)  or  false  (F) . 

4.  The  outflow  valve  is  attached  to  the  pressure  regulator. 

5.  The  outflow  valve  regulates  the  amount  of  air  entering  the 
pressurised  area. 

6.  The  outflow  valve  remains  closed  during  the  isobar ic  range. 


5 


713 


CORRECT  RESPONSES  TO  FRAME  4:    1*    A         2.    B         3.    A  4._T 


5.    F_     6.  F 


Frame  5 

Look  a*  the  diagram  as  we  go  through  the  operation  of  the  regulator. 
This  frame  will  give  operation  t  -  one  range  of  the  isobar ic  section. 
Operation  of  the  unpreaeurized  range  will  be  given  in  this  frame. 

The  aneroid,  shown  in  the  diagram,  is  a  sealed  unit  that  has  a  set 
(fixed)  pressure.    Cabin  pressure  goes  in  the  control  chamber  through 
the  filter  and  orifice  assembly.    At  this  point  pressure  starts  to 
build  up.    NOTE:    Prom  now  on  the  pressure  in  the  control  chamber  will 
be  called  "reference  pressure."   As  REFERENCE  PRESSURE  builds  up,  the 
aneroid  starts  to  collapse.    The  aneroid  collapses  because  reference 
pressure  on  the  outside  of  the  aneroid  is  more  than  the  pressure  on 
nhe  inside.    As  the  aneroid  collapses  it  opens  the  needle  valve.  With 
the  needle  valve  open,  air  can  flow  to  the  atmosphere  and  cause  a  drop 
in  reference  pressure.    The  drop  in  pressure  is  caused  by  the  rate  of 
air  flow  through  the  orifice  and  open  needle  valve.    The  needle  valve 
opening  is  larger  than  the  orifice  opening.    Cabin  pressure  will  now 
force  the  outflow  valve  open.    With  the  outflow  valve  open,  cabin  air 
will  vent  to  the  atmosphere.    The  aircraft  is  now  in  the  UNPRESSURIZET) 
RANGE  (sea  level  to  8,000  feet). 


ERLC 


Diagram  4.     7  |d 
6 


Frame  5  (continued) 
Answer  the  statements  ae  true  (T)  or  false  (F) . 

1.  The  anercid  has  a  set  (fixed)  pressure. 

2.  7!he  aneroid  will  collapse  when  reference  pressure  is  greater 
than  aneroid  pressure* 

3.  Reference  pressure  cannot  vent  to  the  atmosphere  as  fast  as  it 
enters  the  control  chamber. 

4.  Cabin  pressure  will  open  the  outflow  valve  when  reterence 
pressure  is  vented  to  the  atmosphere. 

5*     With  the  outflow  valve  always  open,  the  aircraft  is  in  the 
unpressurized  range. 
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CORRECT  RESPONSES  TO  FRAME  5s    1.    T        2.    T         3.    F  4._T 


5.  T 

Frame  6 

In  Frame  5,  the  aircraft  was  la  the  unpressurized  range.    As  the 
aircraft  gains  in  altitude,  the  isobarlc  range  will  start  to  operate. 

As  the  aircraft  reaches  and  goes  through  an  altitude  of  8,000  feet, 
the  pressure  In  the  control  chamber  starts  to  drop.    This  drop  in  pressure 
is  caused  by  the  needle  valve,  for  it  is  off  seat  (see  Frame  5) .  Aa 
reference  pressure  drops,  the  aneroid  will  start  to  expand  and  cause  the 
needle  valve  to  close.    With  the  needle  valvjfcd&ioaed,  reference  pressure 
starts  to  build  up.    Reference  pressure  will  ores*  down  on  the  outflow 
valve  diaphragm.    This  pressure,  with  the  aid  of  the  spring,  will  close 
the  outflow  valve  (see  Fraaa  5).    With  the  outflow  valve  closed,  cabin 
air  will  not  continue  to  vent  overboard  to  the  atmosphere.    Now  pressure 
wili  build  up  in  the  cabin  area*    The  isobarlc  section  U>  sat  to  keep 
the  cabin  at  a  pressure  that  does  not  change.    The  pressure  is  set  to 
be  the  same  as  the  atmospheric  pressure  at  8,000  feet  of  altitude.  This 
reference  pressure  will  be  the  same  up  to  24,000  feet  of  altitude.  If 
reference  pressure  gets  too  high,  the  aneroid  starts  to  collapse.  As 
the  aneroid  collapses,  it  will  cause  the  needle  valve  to  open.  Air 
in  the  control  chamber  can  then  vent  to  the  atmosphere;  reference 
pressure  will  drop.    The  cabin  is  kept  at  the  desired  pressure  by  the 
outflow  valve,  as  it  opens  and  closes.    The  pressurization  system  is 
now  operating  in  the  ISOBARIC  RANGE  (8,000  feet  to  24,000  feet). 


Diagram  5. 
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Frame  6  (continued) 
Answer  the  statements  as  true  (T)  or  false  (F). 

1.  At  altitudes  over  8,000  feet  the  aneroid  will  begin  to  close 
the  needle  valve. 

2.  ,  With  the  laobaric  needle  valve  closed,  reference  pressure 
will  vent  to  the  atmosphere. 

3c     As  reference  pressure  builds  up  it  will  force  the  outflow 
valve  closed. 

4.  When  the  outflow  valve  begins  to  close,  cabin  pressure  will 
begin  to  build  up. 

5.  If  a  certain  constant  laobaric  pressure  is  exceeded,  the 
aneroid  will  begin  to  collapse  and  again  vent  reference  pressure  to 
the  atmosphere. 
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CORRECT  RESPONSES  TO  FRAME  6:    1.    T        2.    F        3,  T 

5.  T 


Fr  cm  7 

We  have  gone  through  operation  of  the  unpreaaurized  range  and  the 
laobarlc  range.    Let  va  now  aee  how  the  differential  range  vorVa. 

Look  at  the  diagram;  you  will  note  thai:  on  one  aide  of  the  differ- 
ential diaphragm  la  atmospheric  pressure.    On  the  other  aide  of  the 
diaphragm  la  reference  preeeure.    The  differential  spring  is  set  so 
that  it  can  keep  a  5.0  pal  difference  In  pressure  between  the  cabin  and 
atmoeplere. 

Aa  the  aircraft  gains  in  altitude,  atmospheric  pressure  continues 
to  drop.    At  24,000  feet  atmospheric  pressure  la  5.70  pala.  This 
preeeure  plue  the  5.0  paid  of  differential  spring  tension,  makes  a 
total  of  10.70  pela.    The  preeeure  of  1O.70  peia  is  the  pressure  that 
will  hold  the  differential  preeeure  needle  valve  ON  SEAT.    When  In  the 
laobarlc  range,  reference  preasure  wee  kept  at  10.91  pale.    This  setting 
waa  held  by  operation  of  the  aneroid.    At  this  time,  10.91  psla  is  more 
than  10.70  peia,  so  the  differential  diaphragm  la  forced  up.    The  dia- 
phragm pulle  the  differential  needle  valve  OFF  SEAT.    As  air  in  the 
control  chamber  vents  to  the  atmoaphere,  through  the  differential  needle 
valve,  the  aneroid  will  collapse.    As  the  aneroid  collapses,  It  will 
putfh  the  laobarlc  needle  valve  ON  SEAT.    This  cuts  the  isobar ic  section 
out  of  the  system.    Nov  that  reference  preeeure  has  dropped,  cabin 
praeeure  will  build  and  pueh  the  outflow  valve  OFF  SEAT.    Air  in  the 
cabin  can  now  vent  to  the  ataoephere.    As  the  cabin  and  reference 
preeaures  drop,  the  differential  spring  pulls  the  differential  needle 
valve  back  ON  SEAT.    Thla  will  a  tart  the  whole  process  again.    This  Is 
how  the  regulator  works  In  the  DIFFERENTIAL  RANGE  (24,000  feet  on  up). 
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Frame  7  (continued) 


Diagram  6. 

Answer  the  statements  as  true  (T)  or  false  (F) • 

1.  The  differential  section  of  the  pressure  regulator  stops 
operating  above  24VJ00  feet.  % 

2.  Above  24,000  feet  the  isobarlc  needle  valve  will  be  full>  cj^/M. 

3.  The  differential  diaphragm  has  atmospheric  pressure  on  one  side 
and  reference  pressure  on  the  other  side. 

k.     If  reference  pressure  reaches  5.2  psia  greater  than  atmospheric 
pressure,  the  differential  needle  valv*  will  open. 

5,     If  reference  pressure  decreases,  the  outflow  valve  will  open. 


11 
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CORRECT  RESPONSES  TO  FRAME  7:    1.    F        2.    T        3.    T        4.  T 

5.  T 

Fran*  8 

Using  tha  diagran,  identify  tha  part*  of  tha  regulator. 

1.  Outflow  valva. 

2.  Isobarlc  section. 

3.  Diffarantlal  Motion. 


Diagram  7. 
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CORRECT  RESPONSES  TO  FRAME  8:    1.    C        2.    B        3.  A 

Pram*  9 

RL7IEW  QUIZ 

Anmr  the  statemente  as  tm  (T)  or  fait*  (F). 

1.  A  preeaurlsatlou  eye tern  providee  crew  comfort  by  keeping  a 
predetermined  differential  p^eeeure  in  tht  cabin. 

2.  A  preeeurisatlon  ay at am  controla  tha  amount  of  air  laaving 
tha  aircraft  cabin. 

3.  Tha  cabin  praaaura  ragulator  used  on  a  fighter  aircraft  it  a 
fixed" leobaric,  dual  differential  regulator. 

4.  The  cabin  preaaura  regulator  provides  three  rangea  of 
preaauriaatlon • 

5.  The  unpreeeurised  range  ia  from  aea  level  to  8,000  feet. 

6.  The  differential  range  is  from  8,000  feet  to  24,000  feet. 

7.  The  outflow  valve  la  attached  to  the  cabin  preaaura  regulator. 

8.  iaobaric  range  ia  from  8,000  feet  to  24,000  feet. 

9.  Cabin  preaaura  will  ope*  tha  outflow  valve  when  reference 
preaaura  ia  vented  to  the  atmosphere. 

10.     An  aneroid  controla  the  iaobaric  section  of  tha  preaaura 
regulator. 

11      The  differential  diaphragm  controls  the  differential  section 
of  the  pressure  regulator. 

12.     The  differential  range  keeps  a  6  paid  between  cabin  preaaura 
and  atmospheric  pressure.  t 
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Frane  10 

low  you  know  how  th«  cebio.  air  preeeuTe  regulator  work*.    Ut.ui  see 
what  would  take  place  if  it  did  not  work.    what  would  keep  cabin  preeeure 
froa  becoming  ao  high  that  tha  windshield  Bight  ba  poppad  out,  or  the 
canopy  night  ba  blown  off?   You  ara  right  —  a  aafaty  valve  ie  needed. 
On  sone^ircraft  this  valve  ia  callad  tha  cabin  praaaura  aafaty  valva. 

Tha  aafaty  valva,  aa  you  can  aaa  in  tha  iiagraa.  looks  a  lot  like  an 
outflow  valva.    Tha  aafaty  valva  ia  put  on  tha  aircraft  in  tha  aana  way 
aa  tha  outflow  valva. 


TO  DUMP  VALVE 
CONNECTION 


FILTER  AND  ORIFICE 


TO  ATMOSPHERE 


,  ,  SAFETY 
VALVE 
^  DIAPHRAGM 


Diagran  8. 

Answar  tha  statananta  aa  trua  (T)  or  falaa  (F). 

1.  Tha  aafaty  valva  raliavaa  cabin  prassurs  if  ths  regulator 
should  fall. 

2.  Tha  aafaty  valva  ia  nountad  on  tha  aircraft  i»  ths  aane  way 
that  an  outflow  valva  is  nountad. 

3.  Tha  aafaty  valva  ia  attachad  diractly  to  tha  cabia  pressure 
regulator. 

"  722 


COtUCT  USPOHSBS  TO  HtAME  10:    1.    T        2,    1        3.  F 

Frama  11 

Tha  cabin  praaaura  aafaty  valva  can  do  thaaa  thraa  functlona; 
(1)  Tha  valva  will  duvp  cabin  prwaaura  at  5.25  paid,  If  tha  ragujator 
fallad  to  work.    (2)  It  doaa  not  allow  a  nagativa  cabin  praaaura 
(vacuuaO.    Hagatlva  praaaura  la  whan  ataoapharlc  praaaura  la  4bra  than 
cabin  praaaura*    (3)  It  balpa  to  dump  praaaura  whan  tha  cabin  naada 
to  ba  dapraaaurlaad  faat. 

Cabin  air  flowa  Into  tha  aafaty  vulva  throufh  tha  fUtar  and  or  If  lea 
aaaambly.    Onca  cabin  air  la  la  tha  valva,  tha  air  la  called  BKFEUEMCE 
FRI88DU*    Thla  rafaranca  praaaura  will  build  up  and  puah  down  on  tha 
aafaty  valva  diaphragm  and  up  on  tha  aafaty  rallaf  diaphragm.    Air  trlaa 
to  flow  through  tha  top  paaaagaway,  on  tha  right  aidat  but  la  blockad 
by  tha  naadla  valva  that  la  now  OH  SEAT. 


Diagram  9. 

Anawar  tha  atataaanta  aa  trua  (T)  05.  f alaa  (F) . 

1.  Tha  cabin  praaaura  aafaty  valva  parfoma  thr*a  functlona. 

J 

2.  Cabin  praaaura  and  rafaranca  praaaura  will  ba  at  tha  aana  valua. 

3.  •Tha  naadla  valva  la  hald  OH  SEAT  by  aprlng  tanalon. 

4.  Cabin  air  flowing  Into  tha  aafaty  valvt  la  not  raatrlctad. 
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COMtKT  RKSPOHSSS  TO  FRAME  U:  l._JL 


2.  T 


3.  T 


4.  P 


Frame  12 

Let  ue  see  what  happens  If  the  cabin  pressure  regulator  falls. 
Bmp  la  mind*  atmospheric  praaaura  will  praaa  down  on  the  top  alda  of 
tba  safety  rallaf  diaphragm    Reference  praaaura  will  puah  up  en  tha 
back  alda  at  tha  dlaphragn.    Whan  tha  dlff arantlal  aactlon  f alia  to 
aaaa  cabin  praaaura  at  5.0  paid,  rafaranca  praaaura  In  tha  safety  valve 
builds  *    until  It  gate  to  5.25  paid.    At  this  time  tha  safaty  rallaf 
diaphragm  la  pushed  up.    It  In  turn  will  push  needle  valve  up  aad  OFF 
SEAT.   How  air  can  flow  through  the  top  passageway.    Air  flow  la  peat 
the  needle  valve  and  out  the  atmospheric  ^ent  line.    Whan  reference 
pressure  In  the  safety  valve  has  eased,  cabin  praaaura  will  push  up  on 
tha  safety  diaphragm.    Cabin  pressure  will  OFF  SEAT  tha  outflow  valve. 
Thle  will  allow  the  high  cabin  pressure  to  be  eased  through  the  outflow 
valve  to  the  atmosphere.    The  aafety  valve  will  be  fully  open  at  5.5 
paid. 


(TO 

FILTER 

AND  -|V 

ORIFICE  W 


DUMP 


(TO  ATMQS) 


NEEDLE  VALVE 


CABIN 
PRESSURE 


CABIN 
PRESSURE 


N-444 


ERIC 


DUgraa  10. 

Answer  th«  at.tat.nc.  as  tru.  (T)  or  false  (F). 

1.  Tha  naedla  valva  U  ; ashed  OFF  SEAT  when  the  safety  relief 
diaphragm  moves  up. 

2.  Cabin  praaaura  pushaa  the  aafety  valve  diaphragm  up,  lifting 
the  outflow  valve  OFF  SEAT. 
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JSS? 

CORRECT  RESPONSES  TO  FRAME  12:    1.    T        2.  T 

Frame  13 

An  aircraft  Is  imde  to  taka  only  the  stress  force  that  roves  out.  -> 
If  there  was  a  case  that  would  cause  a  stress  force  to  move  In,  the 
'Lrcraft  could  be  crushed  and  the  flight  crew  hurt*    This  could  be 
>  he  case  when  the  pilot  puts  the  aircraft  In  a  fast  dive.    When  In  a 
dive  atmospheric  pressure  on  the  outside  of  the  aircraft  Is  more  than 
cabin  preasure  Inside.    This  tends  to  cause  a  negative  pressure  (or 
vacuum)  In  the  cabin.    The  stress  force  will  then  work  Inward.  When 
this  is  the  case  the  cabin  pressure  safety  valve  does  the  second  job\ 
Atmospheric  pressure  (which  is  now  more  then  cabin  pressure)  will  push 
the  safety  diaphragm  up.    This  will  lift  the  outflow  valve  OFF  SEAT. 
Now  air  from  the  atmosphere  can  flow  In  and  build  cabin  pressure  up  to 
the  right  value.    With  the  Inside  and  outside  pressures  now  in  balance, 
the  aircraft  will  not  be  damaged. 


TO  DUMP  VALVE 


Diagram  11. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  safety  valve  prevents  a  negative  pressure  In  the  cabin. 

2.  Under  negative  pressure  conditions  the  needle  vklve  Is  OFF  SEAT 

3.  When  the  outflow  valve  is  pushed  OFF  SEAT  the  atmospheric  and 
cabin  pressures  will  equalise. 

4.  When  the  aircraft  is  In  a  rapid  dive  the  atmospheric  pressure 
will  increase  faster  than  cabin  preasure. 

17 


725 


am 

CORRECT  RESPONSES  TO  FRAME  13:    1.    T         2.    F         3.    T         4.  T 


Fran*  14 

Another  function  of  the  cabin  pressure  safety  vslve  is  to  help  dump 
cabin  pressure  vhen  It  needs  to  be  dumped.    You  are  now  vonderirg,  how 
doee  the  valve  help  and  vhen  would  the  cabin  need  to  be  depressurized? 
First ,  the  safety  valve  helps  the  cabin  pressure  regulator:  to  dump  cabin 
pressure.    Second*  if  the  cabin  is  filled  with  smoke  or  fuel  fumes  it 
will  need  to  be  depressurized.    If  this  happens  the  cabin  oust  be  quickly 
vested  to  the  atmosphere.    A  supply  of  rata  air  is  used  to  force  the  smoke 
or  fumes  overboard. 

The  who In  depreasur ization  phase  starts  vhen  the  pilot  pulls  the 
emergency  vent  control  knob.    The  knob  is  on  the  control  pauel.  When 
the  knob  is  pulled,  it  mechanically  positions  the  dump  valve.    The  dump 
valve  is  shown  In  the  schematic. 


Diagram  12, 

*C  RESPONSE  REQUIRED. 
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CORMCl  RESPONSES  TO  FRAME  14;    None  Required. 


Frame  15 


Let  us  eee  what  hep pens  when  the  pilot  pulle  the  emergency  vent 
knob.    (1)    The  cam  end  ram  air  butterfly  valve  turns  in  a  clockwise 
direction.    One  end  of  the  com  will  push  the  valve  up  and  OFF  SEAT. 
NOTE:    Just  the  butterfly  la  inside  the  ram  air  duct.    The  cam  and 
lever  are  located  on  whe  outside  of  the  duct.    The  cam  and  lever  are 
on  the  same  shaft.    (2)    Referenci  pressure  from  both  the  sefetv  valve 
end  the  cabin  pressure  regulator  is  dumped  overboard  past  the  valve. 
(3)    Cabin  pressure  can  now  push  both  outflow  valves  OFF  SEAT.  Cabin 
pressure  is  then  dumped  overboard.    (4)    The  other  end  of  the  cam  will 
touch  and  open  the  microewitch.    This  switch  deenerglzee  the  bleed  air 
regulator  and  shutoff  valve  assembly  (one  valve),  and  this  valve  then 
closes.    The  flow  of  air  that  is  used  to  drive  the  air  conditioning 
system  stops.    This  stops  the  flow  of  conditioned  air  to  the  cabin. 
(5)    At  the  same  time  that  the  cam  moved,  the  butterfly  turned  clockwise 
to  the  full  open  position.    (6)    Ram  air  can  now  flow  into  the  cabin. 
Rem  air  flows  out  through  the  two  outflow  valves »  carrying  any  smoke  or 
fumes  out  with  it. 


Diagram  13. 
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Frame  IS  (continued) 

Below  is  a  list  of  events  that  occur  during  emergency  depressuriza- 
tion  of  the  cabin.    Number  the  event 0  according  to  the  order  in  which 
they  take  place. 

A.  Reference  pressures  are  vented  to  the  ctmosphare,  the  atr 
conditioning  system' stops,  and  ram  air  rushes  into  the  cabin. 

B.  The  pilot  pulls  the  emergency  vent  control  knob. 

C.  The  outflow  valws  open  and  dump  cabin  pressure. 

D.  The  valve  is  pushed  off  seat  find  the  microswitch  is  opened. 

E.  Ram  air  flows  through  the  cabin  and  out  through  the  outflow 
valves  carrying  smoke  and/or  fumes  out  with  it. 

F.  The  cam  and  butterfly  valve  rotate  in  a  clockwise  direction. 


20 


25U 


correct  responses  to  frame  15:  a,   4      b.  1      c.  5      d.  3 

e.  6      f.  : 


Frame  16 

Just  one  item  to  go  and  you  will  be  done.    Look  at  the  schematic 
and  find  the  check  valve.    Note,  it  ie  in  the  line  that  connects  the 
control  chambers  of  the  three  valves    The  line  has  to  be  there  to 
fcllov  reference  presiure  jx  the  regulator  to  drop,  when  the  dump  valve 
is  opened.    What  does  the  check  valve  do?    Look  at  the  regulator.  Do 
you  know  what  the  orifice  does?    The  orifice  keeps  the  flow  of  cabin  air 
from  entering  the  control  chamber  faster  than  the  needle  valve  can  relieve 
it.    Right?    If  there  was  no  check  valve,  reference  air  (pressurized) 
from  the  safety  valve  could  flow  into  the  regulator  and  mix  with  the  air 
that  flows  through  the  orifice.    This  volume  of  air  would  be  more  than 
the  needle  valve  could  hsndle.    Result:    The  regulator  outflow  valve 
would  be  held  OH  SEAT  all  of  the  time.    The  regulator  could  not  properly 
control  cabin  pressure. 


HAS  AM 


N-449 


Diagram  14, 


NO  RESPONSE  REQUIRED. 
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Frame  17 

Anwar  the  following  statements  as  true  (T)  or  false  (F) . 

1*  The  purpose  of  a  pressurlzatlon  system  la  to  keep  a  pre* 
determined  pressure  In  the  aircraft  cabin*  This  pressure  provides 
crew  comfort  and  safety* 

2.  The  pressurlzatlon  system  controls  the  amount  of  conditioned 
air  entering  the  cabin. 

3.  The  pressurlzatlon  system  used  on  a  fighter  aircraft  la  a 
fixed  isobarlc,  dual  differential  system. 

4.  One  function  of  the  isobarlc  section  la  to  prevent  the  cabin 
from  being  pressurized  between  sea  level  and  about  8,000  feet* 

5*     The  three  functions  of  the  cabin  air  safety  valve  are  (1)  help 
dump  cabin  pressure,  (2)  relieve  excessive  cabin  pressure  if  the  regulator 
fails,  (3)  prevent  a  negative  cabin  pressure* 

6*     The  emergency  vent  knob  is  pulled  to  start  the  safety  valve. 

7.     The  check  valve  installed  in  the  praasurization  system  prevents 
regulator  reference  pressure  from  eacaping  to  the  safety  valve. 

8*     The  differential  section  of  the  regulator  maintains  a  5*0  paid 
between  the  cabin  and  atmoephere  above  24,000* 

9*  The  isobarlc  section  of  the  regulator  maintains  an  8,000  ft* 
cabin  altitude  pressure  at  aircraft  altitudes  between  8,000  and  24,000 
feet* 

negative  pressure  relief  function  of  the  safety  valve 
operatW^wnen  atmospheric  pressure  Is  less  than  reference  pressure. 

11*      One  outflow  Valve  la  attached  directly  to  the  pressure  regulator 

12*      Both  outflow  valves  open  during  emergency  cabin  depressurization 

13*     The  cabin  pressure  ^safety  valve  is  a  two  function  valve. 

14.     The  excessive  pressure  relief  section  of  the  safety  valve  will 
be  fully  open  at  5.5  paid* 

15*     When  the  pneumatic  dump  valve  is  operated,  reference  pressure 
is  vented  from  the  safety  valve  to  the  atmosphere  and  the  safety  valve 
helps  dump  cabin  pressure* 

r  ' 
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CORRECT  RESPONSES  TO  FRAME  17: 

1.  T 

2.  F 


3.  F 

4.  T 


5.  T 


6.  F 

7.  F 

8.  T 


9.  T 


10.  F 


.  T 


12.  T 

13.  F 

14.  T 

15.  T 
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FrflM  1 

1.  

2.  

Frame  2 

1.  

2.  

Frame  3 

1.  

2.  

Frame  4 

1.  

2.  

3.   


Frame  5 

1.  

2.  

3. 


Frame  6 

1.  

2.  

3. 


Frame  7 

1.  

2.  

3. 
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Frame  8 

1.  
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Frame  9 

1.  

2.  

3.  

4.  
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6. 


8 

10 
11 
12 


Frame  10 

1.  
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Frame  11 


2. 
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Frame  12 

1.  
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Frame  13 

1.   3._ 

2.   4._ 

Frame  14 

No  Response 
Required 
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Fraue  15 

A.  __  

B.  

C. 


D.  _ 

E.  _ 
F. 


Frame  16 


No  Response 
Required 


Frame  17 
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FOREWORD 


This  programmed  text  vu  prepared  for  use  In  the  3ABR42231 
instructional  system.  The  aster  lei  contained  herein  has  been  vali- 
dated using  thirty  42010  students  enrolled  in  the  3ABR42231  Course. 
90Z  of  the  students  taking  this  text  surpassed  the  criterion  called 
for  in  the  approved  lesson  objective.  The  average  student  required 
(32)  minutes  to  couplet e  the  text. 

OBJECTIVES 

After  completing  this  programmed  text,  you  will  be  able  to: 

1.  Explain  the  function  of  pressurlzatlon  system  components. 

2.  State  pressurlzatlon  system  operation. 

INSTRUCTIONS 

This  program  is  presented  in  small  steps  called  "frames.11  After 
each  frame  you  are  asked  to  identify  the  correct  statements*  You 
are  also  siked  to  Mtch  some  statements.    Use  the  response  sheet  to 
record  your  answers.    DO  NOT  MARK  IN  THIS  TEXT.    The  correct  answers 
can  be  found  at  the  top  of  the  page  after  each  frame.    If  your  answer 
is  correct,  proceed  to  the  next  frame.    If  your  answer  is  wrong,  go 
back  and  reread  the  material  before  going  to  the  next  frame. 


Supersedes  3ABR42231-PT-315B,  24  May  1973,  which  may  be  used  until 

existing  stocks  are  exhausted. 
OPR:  TAS 
DISTRIBUTION;  X 

TAS  -  100;    TTVGC  -  2 

7;j.) 


3S17 

Frame  1 

The  schematic  is  of  a  B-52  preasurization  system.    Starting  at 
the  upper  left  of  the  schematic,  the  parts  are: 

Pressure  release  switch. 

Master  preasurization  switch. 

Pressure  regulator. 

Dump  control  valve. 

Emergency  release  handle. 

Pneumatic  relay. 

Safety  outflow  valve. 

Normal'  outflow  valve. 

Study  the  schematic  to  become  familiar  with  the  parts  before 
continuing. 


VINT  to 
ATMOSfHHI 


Vf NT  TO 
ATMOSPHStf 


NO  RESPONSE  REQUIRED 
1 
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Frame  2 


Tm  first  part  we  will  discuss  is  the  pressure  regulator.    It  is 
made  up  of  an  isobaric  section,  two  differential  sections,  a  change- 
over sol/moid,  a  three-vay  ground  test  valve,  and  a  rate  control 
section. 

The  isobaric  section  works  Just  like  the  ones  you  have  lsarned. 
Ve  will  not  discuss  this  one  in  detail. 

The  low  differential  Is  for  use  when  the  plane  is  in  a  combat 
zone.    The  lower  the  differential  pressure  the  slower  the  decom- 
pression rate  if  any  enemy  bullet  rips  through  the  cabin  area. 

e 

The  high  differential  is  used  when  the  plane  is  out  of  a  combat 
zone.    Note  the  pressure  settings  for  each  of  the  differential  sections. 


HIGH  DIFFERENTIAL 


CHANGE -CM 
SOLENOID 


TO  ATMOSPHCtl 

N-429 

Dual  Differential  Pressure  Regulator. 
Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  low  differential  will  be  used  in  a  combat  zone. 

2.  Tne  isobaric  section  works  Jus*  like  the  one  in  the  F-4C 
cabin  pressure  regulator. 

3.  The  high  differential  will  be  used  when  the  plane  is  in  a 
combat  zone. 

4.  The  change-over  solenoid  is  part  of  the  low  differential 
section. 

''3(; 

2 


Correct  Ruponui  to  Team*  2:    1.    T        2.    T        3.    F        4,  T 

Frame  3 

The  change-over  solenoid  li  In  the  open  position,  when  the  pilot 
Mti  the  vaster  preesurisation  switch  to  the  4.50  (low  differential) 
paid  position.    The  plunger  novas  to  the  right,  opening  the  differential 
to  atmosphere.    In  all  other  switch  positions  the  solenoid  is  deen- 
ergiaed, and  will  close  the  atmospheric  vent  line.    This  will  keep  the 
low  differential  from  relieving  pressure.    The  low  differential  will 
open  the  needle  valve  at  4.50  paid,  but  nothing  will  happen  since  the 
deenergiaed  solenoid  has  the  vent  line  closed  and  head  pressure  can  not 
be  dumped. 

The  sole  Job  of  the  three-way  ground  test  valve  ia  to  ground  test 
the  cabin  pressurisation  system.    Look  at  the  schematic  aa  ve  discuas 
the  valve.    The  valve  has  three  positions  which  are: 

1.  FLIGHT  POSITION  -  In  this  position  the  iaobaric,  rate  con- 
trol, and  high  differential  sections  are  all  connected  to  the  atmospheric 
vent  line.    The  regulator  can  now  operate.    The  three-way  valve  la  safety 
wired  to  the  flight  position. 

2.  TEST  ONLY -DIFFERENTIAL  ON  POSITION  -  Think  of  the  valve  aa 
if  it  had  been  moved  1/4  turn  clockwise.    This  shuts  off  the  rate 
control  and  iaobaric  sections.    When  pressure  is  pumped  *o  the  regu- 
lator, the  rate  control  and  iaobaric  sections  do  not  work  for  the 
vent  to  the  atmosphere  ia  blocked.    Head  pressure  will  continue  to 
build  up.    If  the  change-over  solenoid  la  energized,  head  preaaure 
will  be  relieved  at  4.50  paid  through  the  low  differential.    If  the 
solenoid  ia  deenergiaed,  head  preaaure  will  climb  to  7.45  paid  since 
the  low  differential  will  not  now  work.    Keep  in  mind  7.45  paid  ia 
the  high  differential  setting.    With  the  three-way  valve  to  the 
TEST  ONLY-DIFFERENTIAL  OB  position  we  can  ground  teat  both  differ- 
ential sections  for  proper  operation. 

3.  TEST  ONLY-ALL  OFF  POSITION  -  Think  of  the  three-way  valve 
aa  if  it  had  been  moved  1/2  turn  clockwise  from  the  position  shown. 
With  the  change-over  solenoid  deenerglsed,  all  vent  lin*s  are  blocked 
and  the  regulator  can  not  control  cabin  preaaure.    This  tests  opera- 
tion of  the  outflow  valves  (see  frame  1)  aa  safety  valves.    We  will 
have  more  on  the  outflow  valvea  later. 
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Trame  3  (Cont'd) 
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Anmr  the  statements  a*  true  (T)  or  false  (F) . 

1.  The  change-over  solenoid  le  energized  closed. 

2.  The  three-way  ground  t^st  valve  is  used  to  ground  test  the 
cabin  preeeurlsation  system.  * 

3.  When  the  three-way  valve  is  in  the  flight  position,  the 
ieobaric  section  can  not  .work. 

4.  When  the  three-way  valve  is  In  the  test  only,  differential 
on  position,  head  pressure  will  be  relieved  by  one  of  the  differential 
sections . 

5.  If  the  change-over  solenoid  is  closed,  the  low  differential 
will  still  work  but  its  operation  will  be  ineffective. 

6.  The  setting  of  the  high  differential  section  is  7.45  paid. 

7.  If  the  three-way  valve  is  in  the  test  only,  all  off  position 
and  the  change-over  solenoid  is  deenerglzed,  the  regulator  will  not 
work. 

8.  The  three-way  valve  is  normally  safetywired  to  the  test 
only,  differential  on  position. 

9.  The  setting  of  the  low  differential  section  is  4.50  paid. 

10.      When  the  low  differential  needle  valve  is  off  seat,  head 
pressure  is  vented  to  Uie  atmosphere  through  the  three-way  valve. 
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Correct  R«aponi««  to  Frame  3s    1.    F        2.  T 

S.  T  6.  T 
9*    T       10.  F 


3.  F 


4.  T 


7.  T 


8.  F 


Frame  4 

The  rate  control  section  protects  the  flight  crew  from  too  fast 
a  ris*  in  pressure.  The  section  keeps  the  buildup  of  cabin  pressure 
to  1  psid  per  minute.    Here  is  when  and  how  it  works. 

Suppose  the  master  pressuriaation  switch  if  in  the  4.50  psid 
position.    The  pilot  decides  to  change  the  switch  to  the  7.45  psid 
position.    The  change— er  solenoid  will  close.    The  low  differential, 
that  has  been  controlling  cabin  pressure,  stops.    Cabin  and  head 
pressures  tend  to  jump  to  7.45  psid,  the  high  differential  setting. 
It  does  not  sound  like  much,  but  a  fast  rise  in  pressure  of  3  psid 
could  burst  ear  drums  or  damage  the  plane.    Look  at  the  schematic  to 
see  how  chia  is  prevented  by  the  rate  control  section. 

Notice  that  as  head  pressure  increases  &ir  is  free  to  flow  to 
the  bottom  of  the  rate  control  section.    On  top,  head  pressure  is 
restricted  by  the  adjuetablg^orifice.    Since  head  pressure  can  build 
up  such  faster  on  the  bottom  than  on  the  top.  the  rate  control  section 
diaphragm  moves  up.    The  needle  valve  is  pulled  off  seat  to  vent  part 
of  the  head  pressure  to  the  atmosphere,    when  head  pressure  on  top 
of  the  control  diaphragm  does  catch  up,  it.  plus  spring  tension, 
moves  the  needle  valve  back  on  seat.    This  process  continues  until 
the  high  differential  setting  is  reached.    During  the  process,  cabin 
pressure  is  held  to  a  1  psid  increase  per  minut*. 


RATE  OF  CHANGE 
CONTROL  SOCT10N 


CONTROL  SECTION 
ORIFICE  ADJUSTMENT 


THtii  WAY  OIOUND 
TiST  VALVI  (FLIGHT  PO$) 


TO  ATMOSPHERE 
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Fr*me  4  (Cont'd) 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  rate  of  change  control  section  holds  cabin  pressure 
buildup  to  1  paid  per  minute. 

2.  A  too  fast  an  increase  In  cabin  pressure  could  Injure  the 
flight  crew. 

3*     Head  pressure  builds  up  faster  In  the  top  of  the  control 
section  than  1.  does  in  the  bottom. 

4.  If  cabin  pressure  increase*  faster  than  1  psld  per  minute, 
It  siy  be  because  the  adjustable  orifice  is  opened  too  far. 

5.  Cabin  pressure  tends  to  climb  fast  shen  the  pilot  changes 
the  master  pressurization  switch  from  4.50  psld  to  ,7*45  psld. 
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Correct  Responses  to  Frame  4:    1,    T        2.    T        3.    F        4.  T 


5.  T 

Frame  5 

The  crew  compartment  is  foo  large  for  one  outflow  valve  to  take 
care  of  the  great  volume  of  air  to  be  relieved.    Therefore,  the  B-52 
aircraft  has  two  outflow  valves.    The  differ en  *  between  the  two  is 
that  the  normal  or  regulator  outflow  valve  has  three  lines  connecting 
to  it.    The  safety  outflow  valve  just  has  two.    Both  valves  open  to 
relieve  high  cabin  pressure.    They  also  relieve  negative  pressure  at 
0.36  paid. 


NO  RESPONSE  REQUIRED 
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Frame  6 


In  each  of  the  outflow  valval  there  is  a  safety  relief  section. 
Here  is  how  it  works.    Suppose  the  pressure  regulator  failed  to  hold 
cabin  pressure  to  7.45  psid  (high  differential  setting).    When  cabin 
and  head  pressures  reach  3.1  psid  the  stfety  relief  valves  are  pushed 
up  and  off  **at.    Head  pressure  can  then  vent  to  the  atmosphere. 
Cabin  pressure,  which  is  now  acre  than  head  pressure,  will  push  the 
diaphragms  up,  opea  the  outflow  valves,  and  vent  to  the  atmosphere. 

•  7C 
PRESSURE 
REGULATOR 


TO 

PNEUMATIC 
RELAY 


SAFETY 

OUTFLOW  VALVE 


VENT  TO 
ATMOSPHERE 


VENT  TO 
ATMOSPHERE 
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Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  Each  outflow  valve  contains  a  safety  relief  section. 

2.  BoUl  outflow  valves  operate  to  relieve  negative  and  cabin 
pressures. 

3.  Two  outflow  valves  ate  used  because  of  the  size  of  the  crew 
compartment . 

4.  Cabin  pressure  pushes  the  outflow  valves  off  seat  when  the 
head  pressure  has  been  vented  to  the  atmosphere. 

5.  The  two  outflo    valves  are  identical  in  construction  and 
operation. 


Correct  Responses  to  Frame  6:    1.    T        2.    T        3,    T        4.  T 


5.  T 

Frame  7 

Look  at  the  schematic  in  frame  5  and  find  the  pneumatic  relay.  \ 
As  you  can  see,  this  part  is  between  the  safety  valve  and  pressure  \ 
regulator.    In  the  relay  (see  diagram)  there  is  a  diaphragm  separating 
the  top  and  bottom  halves.    On  top  of  the  diaphragm  is~~a  needle  valve. 
It  is  held  closed  by  the  Spring  that  pushes  up  on  the  bottom  of  the 
diaphragm,    cabin  pressure  is  on  both  sides  of  the  diaphragm.  Pressure 
goes  in  the  bottom  half  through  the  line  that  is  connected  to  the  r 
regulator.    Pressure  goes  in  the  top  half  through  the  cabin  pressure 
vent  port.    Keep  in  mind  the  relay  is  placed  iu*lde  the  pressurized 
crew  compartment. 


TO 

CABIN  PRESSURE     ATMOSPHERE       TO  PRESSURE 
VENT  PORT         y  REGULATOR 


Ansvet  the  statements  as  true  (T)  or  false  (F)  * 

1.  The  relay  is  placed  between  the  safety  outflow  valve  and 
the  pressure  regulator. 

2.  The  needle  valve  is  held  off  seat  by  spring  tension. 

3.  Cabin  pressure  acts  ou  both  sides  of  the  diaphragm. 

4.  The  relay  in  placed  inside  the  cabin.    Therefore ,  cabin 
pressure  goes  in  the  tcp  of  t  e  relay  through  the  cabin  pressure  vent 
port. 

5.  Cabin  pressure  in  the  bottom  of  the  relay  hra  to  pass  through 
the  pressure  regulator. 
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Correct  Responses  to  Frame  7:    1.    T        2»  MujF        3,  T 

5.  T 


Frame  8 

The  Job  of  the  pneumatic  relay  is  to  make  aure  that  the  safety 
outflow  valve  operates  fast.    That  does  not  tell  you  much  but  here 
it  what  it  me ana. 

You  can  not  tell  by  looking  at  the  schematic  in  frame  5,  but  the 
safety  valve  (in  the  lover  crew  compartment)  and  the  pressure  regu- 
lator are  a  long  way  from  each  other.    The  normal  outflow  valve  is 
doss  to  the  regulator  in  the  upper  crew  compartment.    Keep  in  mind, 
the  B-52  is  a  big  aircraft.    If  there  was  nq  relay,  the  safety  valve 
he»d  pressure  would  have  to  vent  through  the  regulator,  just  like 
the  head  pressure  from  the  other  outflow  valve.    By  the  time  safety 
head  pressure  reached  the  regulator,  the  other  outflow  valve  would 
have  opened.    Keep  in  mind,  one  outflow  valve  can  not  take  care  of 
the  great  volume  of  air  to  be  relieved.    The  pneumatic  relay  makes 
sure  that  both  outflow  valrts  operate  at  the  same  time.    The  valve 
is  the  same  distance  fromr  the  regulator  as  the  normal  outflow  valve. 
When  the  regulator  kicks  'open  ( isobar ic  or  differential  operation) 
pressure  is  dumpsd  from  ths  bottom  side  of  the  pneumatic  relay* 
The  pressure  in  the  top  side  of  the  relay  can  then  push  the  dia- 
phragm down.    This  will  open  the  relay  needle  valve.    Head  pressure 
from  the  safety  outflow  va^ve  can  now  vent  past  the  relay  needle 
valve  to  the  atmosphere.    The  safety  outflow  valve  opens  and  helps 
relieve  cabin  pressure.    Safety  reference  pressure  does  not  go  back 
to  the  regulator  to  be  vented,  it  ventp  through  the  relay  valw. 
This  lets  the  safety  outflow  valve  j^erate  quicker. 

Answer  the  statements  as  true  (T)  or  false  (F). 

1.  The  safety  outflow  valve  is  placed  close  to  the  regulator. 

2.  Safety  outflow  valve  reference  pressure  will  vent  through 
the  regulator. 

3.  Head  pressure  gets  into  the  safety  outflov^alve  from  the 
top  >f  the  pneumatic  relay.  , 

4.  The  pneumatic  relay  is  placed  about  half  way  betweeif  the 
two  outflow  valves. 

5.  The  safety  outflow  valve  is  placed  in  the  lowtsr  crew  com- 
partment while  the  normal  outflow  valve  and  the  pressure  regulator 
are  placed  in  the     per  crew  compartment. 


V  J  J 
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Correct  Raaponeea  to  Frame  8:    1.    P        2,    F        3*    T        4.  F 


5.  T 

Frame  9 

The  dump  valvj  can  be  operated  electrically  or  manually.  The 
valve  job  is  to  help  dump  cabin  pressure  in  an  emergency  situation. 

When  the  pilot  puts  the  pressure  release  switch  to  the  dump 
position,  the  dump  valve  is  energized  and  the  solenoid  lifts  the  spool 
off  seat.    This  dumps  head  pressure  from  the  normal  outflow  valve. 
At  the  same  time,  pressure  is  dtsspeu  from  the  bottom  side  of  the 
pneumatic  relay  through  the  normal  outflow  valve.    Then  through  the 
dump  valve.    This  will  cause  tht  relay  needle  valve  to  open  and  dump 
safety  outflow  valve  head  pressure.    Both  outflow  valves  open  and 
cabin  pressure  is  dumped  to  the  atmosphere.    All  of  this  takes  place 
in  just  a 'few  seconds.    The  emergency  release  handle  is  used  by  the 
pilot  in  case  electrical  power  fails  to  open  the  dump  valve. 
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Frame  9  (Cont'd) 

Ansver  the  statements  as  trus  (T)  or  false  (F). 

1.  The  dump  valve  can  be  operated  manually. 

2.  Hie  job  of  the  dump  valve  la  to  help  duap  cabin  pressure 
In  an  emergency  situation. 

3.  The  dump  valve  la  normally  operated  electrically. 

4.  The  pilot  opens  the  dump  valve  by  positioning  tne  master 
pressurise tlon  switch. 

3.     The  solenoid  is  deenergised  to  open  the  dump  valve. 

6.     Head  pressure  from  both  outflow  valves  will  vent  through 
the  dump  valve. 


7-lr, 
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FOREWORD 

programmed  text  was  prepared  for  use  in  the  3ABR42331  Instructional 


Svst  L  1  -C  mitcrial  contained  herein  has  been  validated  using  32  42010 
stmU-nts  enrolled  in  the  3ABR42331  course.  Ninety  percent  of  the  students 
taking  this  text  surpassed  the  criterion  called  for  in  the  approved  lesson 
object iv*  .    The  average  student  required  36  minutes  to  complete  the  text. 


OBJECTIVES  ^  

Match  the  components  of  cabin  pressurization  systems  to  their  function 
and /or  operation.    70Z  of  the  components  must  be  matched  correctly. 

INSTRUCTIONS  * 

This  program  is  presented  in  small  steps  called  frames.    After  each 
frame  you  are  asked  to  make  a  response  to  exercises.    Enter  your  responses 
on  the  response  sheet.    DO  NOT  MARK  IN  THIS  TEXT.    In  some  instances  you 
are  asked  to  identify  or  match  items.    The  correct  answers  are  found  at  the 
beginning  of  each  new  frame.    If  your  answer  is  corre    ,  proceed  to  the  next 
frame.    If  your  answer  is  wrong,  reread  the  material  oefore  you  proceed 
to  the  next  frame. 


Supersedes  3ABR42231-PT-316C,  6  November  1975,  which  may  be  used  until 
existing  stocks  are  exhausted. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370TCHTG/TTGU-P  -  400;  TTVSA  -  1 
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Frame  1 


The  C-141  aircraft  (plane)  has  an  example  of  a  pressurization 
•yatem  with  a  variable  isobaric  section.  The  whole  system  is  made 
up  of  just  three  major  parts.  Look  at  the  schematic  (figure  )  on 
the  next  page  and  find  the  automatic  controller,  manual  controller 
and  the  outflow/safety  valve. 

You  probably  noticed  that  this  system  does  not  have  a  cabin  pres- 
sure regulator.    That  is  because  the  three  major  parts  of  the  system 
work  together  to  regulate  and  control  cabin  pressure.    Get  familiar 
with  the  schematic  for  a  few  minutes  then  we  will  discuss  each  part 
individually. 

NO  RESPONSE  REQUIRED 


HIGH 
PRESSURE 
SOURCE 


Figure  1.    Cabin  Pressure  Control  Schematic. 
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Correct  Response  to  Frame  1:    None  Required* 

Frame  2 

The  first  part  is  the  automatic  controller.    It  is  made  up  of 
an  isobaric  section  that  can  be  set  in  flight,  a  rate  control  adjuster, 
and  a  differential  section.    The  front  of  the  automatic  controller 
is  shown  in  figure  *>.    The  knob  in  the  left  is  the  rate  control  adjust- 
ment.   The  knob  in  the  right  is  used  to  set  the  isobaric  section.  When 
this  knob  is  turned,  the  dial  hand  turns  in  the  same  direction.  The 
large  numbers  on  the  dial  stand  for  cabin  altitude  in  thousands  of 
feet.    The  small  numbers  stand  for  the  altitude  of  the  plane  in  thousands 
of  feet.    For  example:    if  the  dial  hand  were  set  at  4  cabin  pressure 
would  be  the  same  as  atmospheric  pressure  at  4,000  feet.    The  plane, 
however,  would  be  at  approximately  30,000  feet,  when  the  differential 
section  caused  cabin  pressure  to  be  vented  out. 


Figure  2.    Automatic  Controller. 


Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  knob  in  the  left  is  _*e  rate  control  adjustment. 

2.  The  automatic  controller  is  made  up  of  an  isobaric  section, 
a  rate  control  adjuster,  and  a  differential  section. 

3.  The  knob  in  the  right  is  used  to  set  the  differential. 

4.  The  dial  hand  turns  in  the  same  direction  as  the  cabin  altitude 
knob  . 
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Correct  Responses  to  Frame  2:    1.    T,      2.    T,      3.    F,  4. 
Frame  3 

Now  let  us  take  a  look  inside  the  automatic  controller.  In 
figure  3  you  can  see  the  differential,  rate  control  and  isobaric  sections 
The  only  difference  between  these  and  similar  sections  you  have  learned, 
18  in  the  isobaric  section.    This  one  can  be  set  in  flight.    We  will 
go  to  this  feature  in  the  next  frame. 

The  numbers  at  the  top  of  the  diagram  stand  for:     (1)  filter  and 
orifice,  (2)  cabin  air  inlet  port,  (3)  atmospheric  vent,  and  (4)  the 
atmospheric  pressure  inlet  to  the  differential. 

Use  figure  3  to  complete  the  following  statements. 

1.      The  atmospheric  inlet  to  the  differential  section  is  number 

2  A  diaphragm  separates  atmospheric  pressure  from  cabin  pressure 
at  the   section. 

3  The  section  is  nothing  more  than  an 

adjustable  orifice. 


4.      The  altitude  selector  knob  is  used  to  set  the 

section. 


5.  Port  number  2  is  the   —  Port* 

6.  Cabin  pressure  goes  in  the  controller  through  port  number 

°*  V  To  get  to  the  isobaric  section  it  must 

go  through  the   311(1  

then  the  .  section. 

7.  The  atmospheric  vent  port  is  number  


.ATE   CCNTROL   KNOB  ALTITUDE    SEIECTC*   K  NOB 


Figure  Z.    Automatic  Controller. 
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Correct  Responses  to  Frame  3:  1.  4,  2.  differential,  3.  rate  con^o 
4.  isobaric,  5.  cabin  air  inlet,  6.  2,  filter,  orifice,  rate  control 
7.  3. 

Frame  4 

Use  figure  4.    The  isobaric  section  is  made  up  of  a  lever >  an  oneroid, 
and  adjustable  spring.    The  aneroid  is  hooked  to  the  lever  that  pivots 
on  one  end  and  rides  on  the  spring  at  the  other  end.     This  means  that  all 
these  parts  must  move  together.    When  cabin  pressure  trie?  to  squeeze  the 
aneroid,  the  tension  of  the  spring  must  be  overcome  before  the  lever 
can  be  pulled  down.    When  the  altitude  selector  knob  is  turned  counter- 
clockwise the  spring  is  sqreezed  between  the  lever  and  the  nut  that  w™'es 
up  on  the  selector  knob  shaft.    When  the  selector  knob  is  turned  clrcKwise 
the  nut  xaoves  down  on  the  shaft  increasing  spring  tension.    The  higher 
the  spring  tension,  the  higher  the  altitude  at  which  cabin  pressurization 
starts.    The  lower  the  spring  tension,  the  lower  the  altitude  at  which 
cabin  pressurization  starts.    Do  not  try  to  figure  this  out  right  now. 
We  will  explain  what  we  mean  in  the  next  frame. 

Answer  the  statements  as  ^rue  (T)  or  false  (F) . 

1.  The  isobaric  section  is  made  up  of  a  lc  ~er,  an  aneroid  and 
adjustable  spring. 

2.  Cabin  pressure  squeezes  the  aneroid  against  spring  tension. 

3.  Tension  on  the  spring  is  set  by  turning  the  altitude  selector 
knob  • 

4.  The  aneroid,  lever,  and  spring  do  not  move  together. 

5.  The  lower  the  tension  on  the  spring,  the  higher  the  altitude 
at  which  pressurization  starts 


Figure  4.    Automatic  Controller. 
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Correct  Responses  to  Frame  4:    1.    Tf      2.    T,      3.    T,      4.    F,      5.  F. 


Use  figure  5.    Let  us  say  the  pilot  wants  his  cabin  pressurized 
to  8,000  feet  in  aUitude  (10.91  psia).    He  turns  the  altitude  selector 


aneroid  pressure  (3  psia)  and  spring  tension  (7.91  lbs.)  are  the 
same  as  the  atmospheric  pressure  at  8,000  feet  (10,91  psia). 

Keep  in  mind  that  when  the  plane  is  on  the  ground,  atmospheric 
pressure  (14.7  psia)  would  have  the  anenCid  and  spring  (10.91  psia) 
squeezed  flat.    This  means  that  as  soon  as  the  air  conditioning  system 
is  turned  on,  the  diaphragm  will  be  pushed  down  and  will  open  the  vent 
valve.    This  letb  the  airflow  to  vc«t  out  to  the  atmosphere.  Cabin 
pressure  can  not  now  build  up. 

Answer  the  statements  as  true  ft)  or  falfce  (F)  . 

1.  The  pilot  sets  the  desired  cabin  pressure  by  turning  the 
rate  control  knob. 

2.  Pressure  inside  the  aneroid  is  3  psia. 

3.  Atmospheric  pressure  holds  the  vent  valve  on  seat. 

4.  Cabin  pressure  must  overcome  the  pressure  in  the  aneroid 
and  the  adjustable  spring  tension  before  the  vent  valve 
will  open. 

5.  The  vent  valve  is  closed  and  opened  by  the  up  an<*  down 
movement  of  the  diaphragm. 


Frame  5 


At  this  time  the 


f 


\ 
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Cabin  *• 


AITITUOE   SELECTOR  ^CS 

I  ATE  CONTBOl  KNOI 


Pigur«  5.    Automatic  Controlltr. 


Co xxect Responses  to  Frame  5:    1.    F,      2.    T,      3.    F,      4.    T,      5.  T. 
Frame  6 

Use  figure  6.    A  thing  to  k*cp  in  mind  is  th«t  the  automatic  controll- 
does  not  set  cabin  pressure.    It  is  used  to  select  an  altitude  at  which 
cabin  pressurization  starts.    So  let  us  see  how  the  isolaric  section  works 
as  the  p?ane  starts  to  climb. 

We  have  determined  that  with  the  controller  set  at  8,  atmospheric 
pressure  would  have  the  aneroid  squeezed  and  the  vent  valve  would  be 
Len      We  are  now  in  the  unpressurized  range.    At  this  time  atmospheric 
pressure  and  cabin  pressure'are  the  same.    As  the  plane  ell*-.  Jt-jfric 
pressure  drops.    When  the  altitude  of  8,000  feet  is  r each e  ..cabin  and 
atmospheric  pressures  drop  below  10.91  psia.    This  P'^"  '^.°f 
-    the  controller  diaphragm.    At  this  point  the  aneroid  and  sprang  expand 
and  push  the  vent  valve  ON  seat.    This  lets  cabin  pressure  build  up. 
We  are  now  in  the  isobaric  range. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  automatic  controller  automat i  cally  sets  CaUn  pressure. 

2.  When  the  aneroid  is  squeezed,  the  vent  valve  will  be  open. 

3.  When  the  vent  valve  is  open,  cabin  pressure  cannot  build  up. 

4.  During  the  unpressurized  range  atmospheric  pressure  is  more 
than  cabin  pressure. 

5.  The  automatic  controller  is  used  to  select  an  altitude  at 
which  pressurization  starts. 

6.  Once  the  selected  altitude  is  reached,  the  aneroid  expands 
and  tue  vent  valve  closes. 

7.  Cabin  pressure  will  be  automatically  kept  at  the  selected 
altitude  in  the  isobaric  range. 
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Figure  6.    Automatic  Controller. 
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Correct  Responses  o  Frame  6:  ly  F,  2.  T,  3.  T,  4.  F,  5.  T, 
6.    T,      7.  T. 

Frame  7 

Use  figure  7.    In  the  isobaric  range,  the  aneroid  will  continue 
to  squeeze  and  expand.    This  will  close  and  open  the  vent  valve  and 
automatically  keep  cabin  pressure  at  the  desired  setting  (in  this  case 
10.91  psia  and  8,000  feet). 

The  differential  section  is  set  to  work  at  8.1  psid.    As  the  plane 
climbs,  atmospheric  pressure  on  top  of  the  differential  diaphragm  drops. 
When  cabin  pressure  on  the  bottom  of  the  diaphragm  is  more  than  that 
on  top  (atmospheric  pressure  plus  spring  tension)  by  8.1  psid,  the 
diaphragm  moves  up.    This  will  open  a  path  to  the  atmosphere.  Cabin 
pressure  in  the  top  of  the  controller  now  goes  through  the  differential 
opening.    The  vent  valve  will  go  on  seat  and  will  cause  the  isobaric 
section  to  become  ineffective.    The  plane  is  in  the  differential  range 
with  the  differential  section  controlling  cabin  pressure.    If  the  plane 
continues  to  climb,  cabin  pressure  will  drop.    However,  the  differential 
section  will  keep  a  cabin  pressure  of  8.1  psid  more  than  atmospheric 
pressure  (while  in  the  differential  range),  even  though  the  altitude 
of  the  plane  may  change. 

Answer  the  statements  as  true  (T)  or  false  (F) • 

1.  In  the  isobaric  range,  operation  of  the  aneroid  automatically 
controls  cabin  pressure . 

2.  The  differential  section  is  set  to  work  at  10.91  psid. 

3.  As  aircraft  altitude  increases,  atmospheric  pressure  drops. 

4.  Cabin  pressure  pushes  the  differential  diaphragm  up  and 
atmospheric  pressure  plus  spring  tension  pushes  it  down. 

5.  When  the  differential  opens  a  path  to  the  atmosphere,  pres- 
sure underneath  the  controller  diaphragm  pushes  the  vent 
valve  up  and  ON  seat. 

6.  While  in  the  differential  range,  cabin  pressure  will  be  kept 
at  8.1  psid  more  than  atmospheric  pressure  even  though  the 
altitude  of  the  plane  may  change. 

7.  During  the  differential  range,  if  atmospheric  pressure  were 
3,57  psia,  cebin  pressure  would  be  10.9-  psia. 


1  XV 
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Figure  7.    Automatic  Controller. 
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Correct  Responses  to  Frame  7:     1.    T,      2.    F,      3.    T,      4.    T,      5.  T, 
6.    T»      7.  F. 

Frame  8 

The  C-141  aircraft  is  often  used  as  a  troop  carrier.  Sometimes 
the  troops  are  hurt  or  ill  and  are  flown  to  a  hospital  for  treatment. 
The  rate  of  change  control  section  protects  these  people,  as  well  as 
the  flight  crew,  from  a  rapid  fast  rise  in  pressure.     It  does  this  by 
limiting  the  buildup  of  cabin  pressure.    The  rate  of  pressure  change 
is  the  same  as  a  rise  in  altitude  of  between  200  and  2,000  feet  per 
minute.    Look  at  figure  j  as  we  give  the  operation  of  the  rate  control 
section. 

Cabin  pressure  flows  in  the  top  of  the  controller,  through  the 
filter.    Pressure  flows  past  the  adjustable  rate  control  orifice,  and 
in  the  bottom  of  the  controller.    Since  the  flow  in  the  top  chamber 
is  not  restricted,  pressure  builds  up  faster  there  than  it  does  in 
the  bottom  chamber.    The  controller  diaphragm  is  forced  down,  and  pulls 
th£  vent  valve  open.    This  will  let  *>art  of  the  cabin  pressure  to  vent 
to  the  atmosphere.    Soon  the  pressure  in  the  lower  chamber  catches  up 
and  pushes  the  diaphragm  up.  .  This  will  close  the  vent  valve.  This 
whole  process  has  limited  the  rate  at  which  cabin  pressure  will  build 
up. 

If  the  orifice  is  opened  all  the  way,  the  rise  in  cabin  pressure 
will  be  at  a  rate  that  is  the  same  as  that  of  a  2,000  feet  per  minute 
altitude  rise.    The  m   Imum  is  the  same  as  a  200  feet  per  minute  altitude  *  t 

rise      The  pilot  can  cnange  the  size  of  the  orifice  by  turning  the  rate  ^  J 

control  knob.    He  has  a  gage  in  the  cockpit  which  shows  him  the  rate 
of  change  in  feet  per  minute. 

Answer  the  statements  as  true  (T)  or  fdlse  (F) . 

1.  The  rate  of  change  control  section  protects  personnel  from 
a  fast  rise  in  pressure. 

2.  The  rate  control  section  can  be  set  between  200  and  2,000  feet 
per  minute  rate  of  change, 

3.  Cabin  pressure  tlows  in  the  bottom  of  the  controller  faster 
than  it  flows  in  the  top. 

4.  The  rate  control  orifice  is  set  when  the  pilot  turns  the 
rate  control  knob  on  the  automatic  controller. 

5.  When  pressure  in  the  lower  chamber  of  the  controller  catches 
up  with  the  pressure  in  the  upper  chamber,  the  vent  valve 
will  be  forced  ON  seat. 
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Correct  Responses  to  Frame  8:    1.    Tf      2.    T,      3.    F,      4.    T,     5.  T. 

Frame  9 

Look  at  figure  1  and  find  the  manual  controller.    With  this  part 
the  pilot  can  manually  adjust  and  control  cabin  pressure  if  the  automatic 
controller  fails* 

Follow  each  of  the  lines  leaving  the  manual  controller  to  see  where 
they  hook  into  the  rest  of  the  system. 

HO  RESPONSE  REQUIRED 
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Correct  Response  to  Fra  e  9:    None  Required. 


Frame  10 

Use  figure  8.    Due  to  the  arrangement  of  the  two  cams,  the  inlet 
and  outlet  valves  work  at  the  same  time,  but  in  opposite  directions- 

If  the  knob  were  turned  cloc^ise  (more  pressure)  the  inlet  valve  would 

start  to  move  OFF  seat.    The  outlet  valve  would  start  to  move  ON  seat. 

Keep  in  mind,  the  pilot  uses  this  valve  ONLY  when  the  automatic  controller 
fails,  let  us  say  the  vent  valve  sticks  on  seat. 

As  the  inlet  valve  opens,  the  ouf.let  valve  will  close,  restricting 
the  amount  of  air  that  will  vent  overboard.    This  will  cause  cabin 
pressure  to  rise.    To  drop  cabin  pressure  the  pilot  turns  the  knob 
counterclockwise  and  the  valves  move  just  the  opposite  as  before. 
The  idea  is  for  the  pilot  to  get  the  valves  set  just  right  so  that 
cabin  pressure  is  kept  at  a  desired  rate. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  inlet  and  outlet  valves  work  at  the  same  time. 

2.  Cabin  pressure  enters  the  manual  controller  through  the 
filter  and  orifice. 

3.  If  the  knob  were  turned  clockwise,  cabin  pressure  would  drop. 

4.  The  manual  controller  is  used  to  aid  the  automatic  controller 
in  dumping  cabin  pressure. 

5.  Cabin  pressure  must  go  through  the  manual  controller  to 
get  to  the  automatic  controller. 
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Correct  Responses  to  Frame  10:  1.  T,  2.  T,  3.  F,  A.  F,  5.  1 
Frame  11 

Take  a  look  at  the  schematic  on  foldout  1  and  find  the  outflov;/ 
safety  valve -    This  valve  has  several  parts  important  to  the  function 
of  the  presslrization  system.    The  first  of  these  parts  that  we  will 
discuss  is  the  pneumatic  relay.    It  is  placed  in  the  upper  left  corner 
of  the  out  flow /safety  valve.    The  job  of  the  relay  is  to  cause  a  fast 
response  of  the  outflow  valve  when  the  vent  valve  in  the  automatic 
controller  opens.    Here  is  how  it  works. 

When  the  vent  valve  is  opened,  cabin  pressure  in  the  top  of  the 
automatic  controller  will  vent  to  the  atmosphere.    Look  at  the  schematic 
and  follow  the  arrows  from  the  relay.    If  you  will  recall  Pascals'  Law, 
you  can  see  that  when  pressure  drops  in  the  top  of  the  controller,  it 
drops  the  same  amount  in  the  top  of  the  relay  and  at  the  same  time. 
Both  chambers  have  the  same  confined  air.    When  just  a  small  amount  of 
pressure  is  dumped  from  the  top  of  the  relay,  head  pressure  will  push 
tl^e  relay  diaphragm  up  and  opens  the  needle  valve.    Head  pressure  will 
now  vent  to  the  atmosphere  through  the  passageway  out  of  the  bottom 
of  the  outflow/safety  valve.    Cabin  pressure  lifts  the  outflow  valve 
off  seat  and  vents  to  the  atmosphere. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  pneumatic  relay  causes  a  faster  response  of  the  outflow 
valve  when  the  vent  valve  opens  in  the  automatic  controller. 

2.  Pressure  in  the  top  of  the  pneumatic  relay  is  the  same  as 
that  in  the  top  of  the  automatic  controller. 

3.  Head  pressure  lifts  the  outflow  valve  off  seat. 

A.      A  large  amount  of  pressure  must  be  relieved  on  top  of  the 
relay  before  the  neeule  valve  is  lifted  off  seat. 

5.      When  the  relay  needle  val~3  is  moved  off  seat,  head  pressure 
is  vented  to  the  atmosphei    and  the  outflow  valve  opens. 
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Correct  Responses  to  Frame  11:    1.    T,      2.    T,      3.    F»     4.    Ff      5.  T 


Frame  12 

A  jet  pump  is  placed  in  the  >outf low/safety  valye  to  help  the  relay 
open  the  outflow  valve  quick*    Lo<jk  at  figure  9.    The  jet  pump  works  like 
a  venturi.    As  engine  bleed  air  (regulated  to  x6  psi)  is  forced  through 
the  pump,  air  speed  will  rise.    Pressure  will  drop  where  the  passagewli^ 
is  the  smallest*    This  tends  to  suck  the  head  pressure  out  past  the 
relay  needle  val^e  that  will  cause  the  outflow  valve  to  open  immediately. 
Keep  in  mind,  this  will  all  happen  when  the  vent  valve  in  the  automatic 
controller  comes  off  seat. 

Number  each  of  the  events  in  the  order  in  which  it  takes  place. 

a.  Cabin  pressure  will  open  the  outflow  valve  and  vent  to 
the  atmosphere. 

b .  The  vent  valve  in  the  automatic  controller  will  open 
when  cabin  pressure  overcomes  the  setting  of  the  isobaric 
aneroid. 

* 

 c.     The  relay  needle  valve  opens  to  let  head  pressure  to 

be  sucked  out  by  the  jet  pump. 

 d.      Pressure  on  top  of  the  relay  diaphragm  is  dumped  tlirough 

the  manual  controller  and  out  the  vent  valve  in  the 
automatic  controller. 
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/Correct  Responses  to  Frame  12:       A    a,       1   b.        3    c,        2    d « 

Frame  13 

The  safety  valve  protects  the  plane  and  flight  crew  from  too  mbch 
cabin  pressure  if  the  differential  section  fails  to  work.    The  differential 
section  is  supposed  to  work  at  8.1  paid.    If  it  does  not,  the  safety 
val^i  will  open  at  8*6  psid. 

Look  at  figure  10  and  see  that  atmospheric  pressure  is  ou  top 
Oi.  the  safety  valve  diaphragm*    If  head  pressure  underneath  the 
diaphragm  is  8.6  psid  more  than  the  atmospheric  pressure  on  top, 
the  diaphragm  is  forced  up  and  the  safety-valve  will  open.    Head  pressure 
rushes  past  the  opened  safety  valve  to  the  jet  pump.^  Here  it  is  sucked 
out  arid  vented  overboard.    Cabin  pressure  will  push  the  outflow  valve 
ppen  and  vent  to  the  atmosphere. 

Answer  the  statements  as  true  (T)  or  false  (F)  .  ^ 

1.  If  the  differential  section  fails,  the  safety  valve  will  control 
cabin  pressure  and  keep  it  at  8.1  psid. 

2.  Atmospheric  pressure  is  acting  on  top  of  the  safety  valve 
diaphragm. 

3.  Once  the  safety  valve  is  opened,  head  pressure  is  dumped 
rapidly  due  to  the  work  of  the  jet  pump. 

A.      Cabin  pressure  opens  the  outflow^ valve  when  head  pressure 
-  exceeds  atmospheric  pressure  by-"8.6  psid. 

5.     The  job  of  the  safety  valve  is  to  protect  the  plane  and 
flight  crew  from  too  njuch  cabin  pressure. 
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Correct  Responses  to  Frame  13:    1.    F,      2.    T,     3.    T,     4.    T,      5.  T. 

Frame  14 

We  just  learned  how  £he  C-141  safety  valve  protects  the^O-ight 
crew  and  passengers  from  too  much  cabin  pressure.    The  plane  also  has 
a  feature  which  makes  sure  that  cabin  pressure  does  not  get  too  low. 
This  feature  is  provided  by  the  aneroid  and  override  valve  shown  in 
the  top  right  corner  of  figure  11.    The  aneroid  has  8.81  psia.    As  long 
as  the  system  is  in  the  normal  mode  of  operation,  it  is  kept  squeezed 
by  cabin  pressure.    Let  us  find-out  when  and  how  it  expands  and  what 
happens  when  it  does 

Slxppose  the  pilot  has'  the  automatic  controller  set  at  P  and  the 
plane  is  flying  at  40,00.0  feet.    This  means  cabin  pressure  will  be 
kept  at  10.91  psia.    If,  for  some  reason,  the  vent  valve  in  the  automatic 
controller  opened  or  started  to  leak,  the  relay  would  dpen  the  dump 
head  pressure.    This  would  let  the  outflow  valve  open  and  cabin  pressure 
would  start  to  drop.    When  the  pressure  drops  to  8.81  psia,  the  aneroid 
will  expand  aid  open  an  additional  path  for  cabin  pressure  to  go  to 
the  top  of  the  outflow  diaphragm.    Jue  to  this  addtional  path,  cabin 
pressure  will  now  go  in  the  head  pressure  chamber  faster  than  it  can 
leak  out?.    This  will  cause  the  outflow  valve  to  close  and  keep  cabin 
pressure  from  dropping  to  2.73  psia  (atmospheric  pressure  at  40,000 
feet)-   The  aneroid  will  continue  to  open  and  close  to  control  cabin 
pressure  at  8. 81  psia  that  is  the  same  as  a  13,500  feet  altitude. 

If,  however,  the  pilot  wants  cabin  pressure  to  be  lower  than 
8.81  psia,  he  sets  an  override  switch  that  is  on  his  control  panel. 
This  will  cause  solenoid  valve  #2  (see  foldout  1)  to  open.  Engine 
bleed  air  is  then  sent  to  the  bottom  of  the  override  valve.    The  over- 
ride valve  will  close  and  make  the  meroid  operation  ineffective.  Now, 
the  pilot  can  open  solenoid  valve  #1  or  the  manual  controller  and  drop 
cabin  pressure  as  low  as  he  wants  it.    This  procedure  would  need  to 
be  used  in  paratroop  ov  cargo  drops  when  atmospheric  pressure  is  less 
than  8.81  psia.    To  make  these  drops  the  cargo  doots  have  to  be  opened. 
The  pilot  would  want  to  lower  cabin  pressure  gradually  until  it  is  the 
same  as  atmospheric  pressure.    If  he  did  not  drop  cabin  pressure  before- 
hand, there  would  be  such  a  fast  decompression  when  the  cargo  doors 
were  opened  that  the  cargo  and  personnel  alike  would  possibly  be  blown 
out  of  the  opening. 

Answer  the  statements  as  true  (T)  or  false  (F) . 

1.  The  small  aneroid  keeps  cabin  pressure  from  becoming  too 
high. 

2.  The  override  valve  is  closed  b>  engine  bleed^air. 

3.  The  aneroid  has  8.81  psia. 

4.  When  the  aneroid  expands,  cabin  pressure  comes  in  the  head 
pressure  chamber  faster  than  it  can  get  out  and  the  outflow 
valve  will  close. 

5.  unless  the  override  valve  is  closed,  the  aneroid  will  keep 
cabin  altitude  to  13,500  feet. 
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Correct  Responses  to  Frama  14:    1.    F,     2.    1,     3.    T,     4.    T,  5. 

Frame  15  . 

When  the  C-141  aircraft  lands,  the  outflow  valve  opens  automatically 
to  let  cabin  pressure  equalize  with  the  atmospheric  pressure.    A  squat 
switch  oh  the  landing  gear  shock  strut  (when  the  weight  of  the  plane 
sets  on  it)  turns  on  the  control  fun  shown  in  figure  12.    The  fan  draws 
air  through  a  venturi  creating  a  low  pressure  or  suction.,    This  pulls 
the  small  diaphragm  open  and  vents  head  pressure  overboard.    The  outflow 
valve  opens  allowing  cabin  and  atmospheric  pressures  to  be  the  same. 

NO  RESPONSE  REQUIRED 
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OPERATION  OF  MB-3  LEAKAGE  TESTER 


OBJECTIVES 


After  completing  this  programmed  text,  you  will  be  familiar  with 
the  operation  of  the  MB-3  cabin  leakage  tester.    To  aid  you  in  this, 
you  will  be  required  to: 


1. 

IS 
function* 


Interpret  insf ructions  in  the  proper  technical  order. 
Identify  leakage  tester  components  and  explain  their 


Standard  of  performance: 

TDou  must  complete  this  project  with  70Z  accuracy 
EQUIPMENT  < 

TO  33A4-4-10-1 
PROCEDURE 


i 


Basis  of  Issue 
1/student 


This  package  present*  information  to  you  in  the  form  of  questions 
and  incomplete  statements.    Read  the  TO  closely,  answer  the  questions 
and  complete  the  statements  by  writing  the.  necessary  information  in 
the  blank  spaces  provided.    CAUTION:    Don't  just  skinr^hrough  the 
TO  looking  fdr  key  words  or  phrases  that  help  you  find  the  answers. 
Study  the  information  In  the  TO  and  make  sure  you  understand  it. 
In  the  very  next  lesson  you  will  be  required  to  pressurize  an  aircraft 
cabin  using    uis  tester.    Jo,  le^a  the  material  well  now  and  save 
yourself  some  time  later  on.  • 

Take  TO  33A4-4-lO~v   'rom  the  file  and  open  it  to  section  I. 

1/     What  is  the  name  of  the  company  that  makes  the  MB-3  cabin 

leakage  tester?    7.  ' 


2.      The  tester  in  designed  to  supply 


cabins  at 


under 


to  aircraft 


for 


Supersedes  3ABR42231-WB-317,  19  July  1973. 
rpR:  TAS 
DISTRIBUTION:  X 

TAS  -  500;    TTVGC  -  2  h 


ERIC 


7S3 


3.     H*w  much  air  and  pressure  is  the  tester  capable  of  producing? 


4.  Is  the  tester  suitable  for  use  under  world-vide  climatic 
condi  t ions ?   ,  ,  

5.  The  instrument  panel  contains  instrumentation  to  indicate 

\ 


and 


and 


6.     The  tester  is  shipped  wired  for 


volt  service* 


Note:  Complete  the  following  statements,  then  check  figure  4-1 
in  the  TO  to  locate  items  7  throragKi6  on  the  leakage  tester. 


7.  The  blower  pressure  gage  indicates 
 of  the  blower. 


8.     The  cabin  pressure  gage  indicates 


of  the  aircraft  under  test. 


indicate 
than  


9.     The  rate  of  cabin  pressure  change  indicator  is  a  standard 

•  ;  ]  with  a  special  dial  to 

  pressures  rather 


_  or 
or 


10.     What  is  the  purpose  of  the  air  temperature  indicator? 


11.     What  does  the  canopy^seal  pressure  indicator  show? 


784 


12.     What  is  another  name  for  the  cabin  pressure  regulator 


T 


13.     What  does  It  control? 


14.  The  canopy  seal  air  regulator 
  in  eke   


15*     How  is  the  dump  valval  operated? 

♦ 

16.     What  does  the  flowmeter  do? 


17.  Refer  to  figure  1  In  this  text  and  figure  4-1  in  the  TO  and 
label  the  component*  represented  by  a  letter.  0 


Figure- 1,    MB- 3  Instrument  Panel. 
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18.  On  the  flowmeter  (TO  figure  4-2)  blower  pressure  Is  represented 

by  ^  which  are  numbered  *■ 

at  [  from  _  ^  

to        ^  ;  . 

19.  What  do  the  diagonal  or  curved  lines  on  the  flowmeter  represent? 


20.     The  flowmeter  Is  calibrated  for  an  air  temperature  of 


Note:  Refer  to  starting  Instructions  £r  the  TO  to  find  tCe 
correct  setting  (prior  to  starting)  for  the  following  Items. 


21.     Turn  the  dump  valve 


position* 


22.  Turn  the  canopy  seal  *lr  regulator 
until  control  feels  f  


23.     Turn  the  cabin  pressure  regulator  knob  __ 
or      .                            as  required  until  the  desired 
 *is  Indicated  on  the  


to  the 


dial. 
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Note:  The  moat  common  procedure  is  to  turn  the  regulator  counter- 
clockwise to  minimum  prior  to  starting  of  the  tester* 

24.     What  is  the  next  step  in  starting  th^_ tester?  —  


25*     Adjust  canopy  seal  pressure  by  turning  the 


clockwise  until  the 


indicates  the  desired  pressure. 


Note:    The  maintenance  manual  of  the  aircraft  under  test  would 
give  the  canopy  seal  pressure* 

26.  Turn   — ■  valve  slowly 

to  the  ,  position. 

27.  Why  are  the  red  lines  on  the  rate  of  cabin  pressure  change 
gage?   


28.     Make  final  readjustment  of 


with  ,  pressure 

adjustment.    Read   ;  on  cabin 

pressure  gage* 

29.      When  operating  the  tester,  the  operator  should  not   


and 


should  constantly  observe  the 


and 


^  '   [  reading* 


30.      Set,  the  cabin  pressure  regulator  to  proper  pressure  relief 


indication.    This  will  be  determined  by 


•  r 


being  tested. 
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31.  What  is  the  next  step?  

32.  Will  the  blower  pressure  gage  and  the  cabin  pressure  gage 
read  the  same  while  the  tester  is  being  adjusted?   

33.  What  instrument  do  you  use  to  determine  the  amount  of 
cabin  leakage?  

34.  At  this  point  turn  to  TO  figure  4-2  and  make  sure  you  know 
how  to  read  the  flowmeter.    Are  the  psi  and  cfm  readings  shown  at 

the  left  in  figure  4-2  correct?  

35.  With  the  float  in  the  position  shown  in  figure  4-2,  how 
much  would  the  aircraft  cabin  be  leaking  if  blower  pressure  was 

9*5  psi?   ;  

What  if  blower  pressure  was  7.5  psi?  

36.  If  you  can't  answer  questions  34  and  35,  refer  to  TO  paragraph 
4-7  to  learn  how  to  read  the  "flowmeter. 

37.  Study  TO  paragraph  4-9  closely  and  answer  the  following 
questions. 

38.  What  do  the  vertical  lines  on  the  chart  in  TO.  figure  4-3 
represent?  v  

39.  What  is  TO  figure  4-3?  * 

40.  When  does  this  chart  have  to  be  used?  ,  

41.  Le£fs  say  the  flowmeter  indicates  an  airflow  of  130  cfm 
and  the  temperature  gage  reads  140*F.    What  is  the  corrected  flow 

value?  s  

42.  Study  TO  paragraph  4-10  closely  and  answer  the  following 
questibne. 

43..    What  is  the  approximate  weight  of  one  cubic  foot  of  air  at 
70*P  and  14.7  psia? 

44.      Take  the  answer  that  you  got  for  question  41  and  convert 
it  to  pounds  p*r  miaute  by  the  method  outlined  in  TO  paragraph  4-10. 

What  is  your  answer?  


45.  If  your  answer  is  not  9*165  ppm  you  have  made  a  mistake. 
Go  back  to  question  41  and  try  again.  J 


46.     If  the  air  temperature  should  exceed  150°F  or  if  barometric 
pressure  was  something  other  than  14*7  psia,  you  would  have  to  use 
the  chart  shown  in  Tp  figure  4-4  to  convert  cfm  to  ppm.    We  won't 
have  you  learn  this  chart  since  most  all  aircraft  TOs  limit  air 
temperature  for  leakage  tests  to  120" F. 

47*     What  is  the  first  step  in  stopping  the  cabin  pressure  tester? 


48.  When  ^  aB==as   reading  is  down, 

stop  motor  by   

st6p  button. 

49,  Turn  the  air  regulator  


Note:  After  you  have  completed  this  workbook,  return  it  to  the 
instructor  for  grading.  - 


until  the  control  feels 


8 
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CABIN  PRESSURE  LEAKAGE  CHECK 

OBJECTIVES 

After  completing  this  study  guide/workbook  you  will  be  able 
to  perform  a  cabin  pressure  leakage  check  of  an  aircraft  cabin. 
To  enable  you  to  do  this,  you  will  be  required  to: 

1.  Operate  the  MB-3  Leakage  Tester. 

2.  Follow  safety  precautions  applicable  to  pressurization. 

3.  Interpret  instructions  in  technical  manuals. 
Standard  of  performance: 

YouNtill  be  evaluated  by  an  instructor  who  will  observe  your 
performance  and  administer  a  criterion  referenced  test.  You  must 
complete  this  project  with  70%  accuracy. 

EQUIPMENT 

CT-5,  F-lll  Traiawc^ 
MB-3  Cabin  Leakage  Tester 
Intercom  Headset 
Applicable  Handtools 
TO  1F-111A-2-2-1 
TO  33A4-4-10-1 

INTRODUCTION 

You  have  learned  that  some  aircraft  compartments  are  pressurized 
so  that  a  flight  crew  can  sustain  life  and  function  effectively  at 
high  altitudes.    One  of  the  jobs  of  the  Environmental  Systems  Repair- 
man is  to  check  the  cockpits  and/or  cabins  of  various  aircraft  for 
too  much  pressure  leakage.    We  say  "too  much"  because  the  airplane  is 
made  to  allow  for  some  leakage  for  ventilation.    The  flow  of  air  from 
the  environmental  system  (the  cooling  turbine)  is  more  than  enbugh  to 
keep  th^  selected  cabin  pressure  at  all  altitudes  and  flight  conditions. 
Sometimes  the  leakage  is  so  great  that  the  air  supply  cannot  kdep  up 
and  cabin  pressurization  is  lost.    When  this  happens,  the  Environmental 
Systems  Repairman  must  find  the  leak  and  repair  it  if  possible.  \  It  is 
sometimes  hard  to  find  an  air  leak  and  practically  impossible  with  the 
aircraft  in  flight.    Therefore,  cabin  pressure  leakage  checks  are  - 
made  on  the  ground  using  a  cabin  leakage  tester  to  simplify  this 
difficult  task. 

PROCEDURE  % 

Before  a  cabin  pressure  leakage  test  is  made,  you  should 
familiarize  yourself  with  the  steps  listed' in  the  Technical  Order. 

1 


Basis  of  Issue 
1/8  students 
1/8  students 
1/student  \ 
1/student  \ 
1/student  J 
1/student  ' 
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To  do  this  we  will  have  you  use  the  TO  to  answer  some  questions  about 
the  test.  After  this  is  done,  tell  the  instructor  that  you  are  ready 
to  make  a  cabin  pressure  leakage  test. 


Now,  get  TO  1F-111A-2-2-1  from  the  file  and  answer  the  questions 
and  complete  the  following  statements: 

Caution:    The  pressure  leakage  test  is  hazardous.    Be  sure 
you  know  each  step  before  you  go  to  the  next. 

1.      Which  section  of  the  TO  is  for  the  cabin  pressure  leakage 

checkout  ?  «   » 


b.      On  which  page  does  the  section  start?    . 

2.      The  cabin  pressure  leakage  checkout  section  gives  mainte- 
nance personnel  the  instructions  for  pressure-testing  the  cabin  after 

maintenance  on  the  windshield,  


3.      No  personnel  shall  be  in  the  cabin  when 


4.    fr  shall  remain 

stationed  at  the  cabin  leakage  tester  at  all  times  while  the  cabin 
is  being  pressurized. 

5.   will  be  put  on 

prior  to  pressurizing  the  cabin  to   t  

6.  The  cabin  pressure  leakage  checkout  consists  of   

7.  What  type  of scabln  leakage  tester  is  used  to  make  the 
checkout?   . 

8*      The  leakage  tester  shall  be  placed  at  


Turn  to  the  correct  section. 


in  direction  away  from  the 


ai.cra£$ 


area. 


Cut  the  lockwire  and  remove  the  cap;  then  connect  the 


canopy  seal  hose  to 


in  the  nose  wheel 


well. 


10,  Take  cara  when  connecting  the  cabin  leakage  tester  to  the 

a. 

aircraft  to  prevent   • 

11.   remove  the  cap;  then 

connect  the  air  supply  hose' to   # 


12.      How  Aany  hoses  will  be  connected  to  the  aircraft? 


13.  Turn  the  dump  valve  on  the  leakage  tester   

to  fulx       1  position. 

14,  Sldwly  turn   on  the  leakage 

tester  until  a  test  pressure  of 

is  anovn  on   


IS.     Normal  leakage  will  vary  between  the  aircraft,  and 
$ 


shall  be  held 


to  keep  cabin 


16;     Allow  the  system  time  to  stabilize  between 


to  avoid  exceeding 
  at  any  time. 


17.  When  the  pressure  rate-uf-change  gage  reads  zero,  cabin  ^/\^ 
pressure    ^uld  be  stabilized  at  how  much?         *  .  . 

18.  Whav.  does  the  abbreviation  (scfm)  mean?   


19.     New  aircraft  can  ftave  a  leakage  rate  of   scfm. 

Leakage  will   as  the  aircraft  is  flown  when 

 .  ;  however  9 


leakage  of  serviceable  aircraft  is  less  than   scfm. 

20.  If  the  cabin  has  too  much  leakage ,  which  section  of  the  TO 
refers  to  leakage  repair?   . 
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y  21.      '  hat  substance  should  be  used  to  find  leaks  during  air 
pressure  testing?   _^  j  . 

22.  Do  not  allow  the  rate  of  decrease  in  altitude  to  exceed 
 ==_===^=  per  minute. 

23.  The  last  step  before  you  close  and  secure  the  forward 

equipment  bay  aft  door  is  to  and  lockwire. 

Note:    When  you  have  done  this  part  of  the  text,  tell  the 
instructor  you  are  ready  to  make  a  pressure  leakage  test. 
He  may  have  you  wait  for  awhile  until  at  least  one  other 
person  is  ready  to  make  a  test,  since  the  job  needs  two 
people. 

When  the  instructor  gives  you  the  OK  to  make  a  leakage  test, 
do  each  of  the  steps  in  order. 

1.  Make  sure  that  at  least  ONE  person  in  your  group  has  a 
copy  of  TP  1F-111A-2-2-1  and  TO  33A4-4-10-1. 

2.  Go  to  room  A-106  and  tell  th^  instructor  that  you  are 
ready  to  make  a  leakage  test.    He  will  give  you  a  toolbox. 

Mote:    WORK  AS  A  TEAM.    Each  of  you  make  sure  all  steps  are 
done  PROPERLY  and  SAFELY. 

3.  The  outside  of  both  doors  in  room  A- 106  have  folding 
yellow  signs.    UNFOLD  and  LATCH  the  sigr    so  that  outsiders  will 
know  that  a  pressurization  check  is  in  progress. 

4.  On  the  cabin  trainer  side  facing  the  door  of  room  A-106, 
you  will  see  steps  that  are  used  to  get  in  and  out  of  the  cockpit. 
To  the  right  and  below  the  steps,  you  will  find  two    ipped  ports. 
One  port  , is  labeled  CANOPY  SEA1?  TEST  and  the  other  COCKPIT  PRESSURE. 
About  two  feet  to  the  right  and  just  above  these  ports  you  will  see 
a  third  port  which  is  labeled  CABip  LEAKAGE  TEST.    The (Tester  hoses 
will  be  connected  to  these  three  ports  when  you  reach  ijiat  point  in 
the  test .     (NOT  NOW) ... 

5.  To  the  left  of  the  steps  is  a  white  circuit  breaker  box. 
4nd  and' to  the  right  of  this  box  are  two  pfrts  mounted  on  the 

c     n  bulkhead.    The  cabin  pressure  regulator  discharge  port  is 
1*  eled  COMBAT  and  the  schedule  test  port  is  labeled  NORMAL. 

Note:    All  five  portq  are  in  the  nose  wheel  well  on  the  aircraft. 

6.  Remove  the  vent  caps  and  put  an  unvented  test  cap  on  the 
NORMAL  port  and  one  on  the  COMBAT  discharge  port,  snug  each  cap  gently 
with  a  wrench  (the  unvented  test  caps  are  kept  in  the  toolbox) .  Read 
the  NOTE  in  Section  X,  paragraph  10-18a,  of  TO  1F-111A-2-2-1,  to 
understand  why  unvented  test  caps  must  be  used.    As  far  as  we  know, 
the  F-lll  is  the  only  aircraft  on  which  these  ports  are  capped  for 
leakage  testing.    On  most  planes  a  lever  on  the  cabin  pressor e^ 
regulator  is  turned  to  shut  off  these  ports. 

4 
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Figure  1.   Hose  Adapter. 

7.  Take  the  hose  adapter  (figure  1)  from  the  toolbox  and  put 
it  on  the  CABIN  LEAKAGE  TEST  port.    Do  not  lose  the  cap  that  you 
remove  from  this  port.    Tighten  the  adapter  connection  with  a  wrench; 
just  tight  enough  so  that  It  will  not  le&k  when  the  tr  airier  cabin  is 
pressurised. 

8.  Remove  the  hoses  from  the  top  of  the  tester  cabinet. 

A     9.     Connect  one  end  of  the  large  cotton  hose  to  the  hose 
adapter  on  the  trainer  and  the  tfther  end  to  the  brass  air  outlet 
connection  on  the  tester.    Get  two  hose  clamps  from  the  toolbox 
and  use  them  to  secure  the  large  hose  so  that  it  will  not  leak. 

10.  Connect  the  CANOPY  SEAL  hose  to  the  tester  and  to  the 
CANOPY  SEAL  TEST  port  on  the  trainer.  Snug  the  fittings  w*th  a 
wrench. 


796 


.  \ 


2.13 


11*     Connect  the  CABIN  PRESSURE  hose  to  the  tester  and  Co 
the  CABIN  PRESSURE  <?AGE  port  on  the  trainer.    Snug  the  fittings 
with  a  wrench. 


Note:  The  tester  should  be  placed  so  that  each  hose  is 
STRAIGHT  and  FLAT  on  the  floor*  , 


12*  Close  and  latch  both  cabin  hatches.  CAUTION:  MAKE 
SURE  NO  ONE  HAS  HIS  HANDS  Ei  THE  WAY. 


13.  Place  the  SAFETY  NET  and  secure  it  to  the  frame  of 
the  trainer*    Make  sure  all  glass  areas  are  covered  (the  net 
should  be  placed  so  that  it  looks  like  that  shown  In  figure  11-2 
of  TO  1F-111A-2-2-1) .    The  single  strap  with  a  metal  tab  on  it  is 
placed  on  top  and  to  the  aft  of  the  cabin.    The  metal  tab  fits 
over  the  head  of  the  bolt  at  the  rear  of  the  cabin. 

/ 

14.  Connect  the  TESTER  POWER  cable  to  the  220V  AC  outlet, 
on  the  laboratory  vail* 


15.  Open  the  instrument  panel  door.  Open  doors  on  the 
trainer*  that  TO  1F-H1A-2-2-1  states  shouxd  be  open. 


Note:    You  have  been  tagght  how  to  operate  tb*  MB-3  cabin 
leakage  tester*    If  you  do  not  remember,  read  section  IV 
of  TO  33A4-4-1Q-1.    Do  not  take  chances. .  *»ake  sure  you 
KNOW  what  you  are  to  do.    An  operator  must  be  at  the  cabin 
tester  ^t  all  times  while  the  cabin  is  pressurised.  Decide 
among  yourselves  who  the  OPERATOR  will  be;  HE  IS  THE  ONE 
THAT  WILL  OPERATE  THE  TESTER. 


16.  Turn  the  DUMP  VAL/E  to  full^open. 

17.  Turn  the  canopy  seal  air  regulator  counterclockwise  until 
the  control  feels  slightly  loose. 


18.  Turn  the  CABIN  PRESSURE  ADJUSTMENT  knob  COUNTERCLOCKWISE 
until  a  minimum  pressure  of  2  psi  shows  on  the  regulator  dial. 


19.      Everyone  put  on  a  headset  and  plug  it  into  one  of  the 
intercom  jacks.    The  jacks  are  on  the  white  power  box  at  the  front 
of  the  trainer*    Use  the  headset  when  you  want  to  talk  with  the 
instructor  and  the  other  students. 


r' 
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Caution:    Do  not  unlatch  the  hatches  while  the  cabin  is 
pressurized. 

20.  Push  the  start  button  to  start  the  tester, 

21.  Slowly  adjust  the  CANOPY  SEAL  AIR  REGULATOR  until  50  to 
60  psi  shows  on  the  CANOPY  SEAL  PRESSURE  GAGE.    The  canopy  seal 
will  Inflate  and  stop  leakage  from  around  the  canopy  hatches. 


22.  Slowly  turn  the  tester  DUMP  VALVE  CLOCKWISE  to  the  full 
closed  position.    Air  will  flow  to  pressurise  the  cabin. 

Caution:    Watch  the  pressure  RATE  OF  CHANGE  gage  to  make 
sure  you  DO  NOT  cause  more  than  a  5000  feet-per-mlnute 
altitude  increase  at  ANY  tine.  / 


23.  Slowly  turn  the  PRESSURE  ADJUSTMENT  knob  on  the  tester 
CLOCKWISE  while  closely  watching  the  CABIN  PRESSURE  gage  and  the 
RATE  OF  CLIMB  indicator. 


Note:    Blower  pressure  will  be  a  little  more  than  cabin 
pressure*  due  to  normal  leakage  from  the  crew  module. 
Pressurise  the  trainer  to  5.0  psi  so  blower  pressure  is 
held  Just  high  enough  to  keep  cabin  pressure  at  5.0  psi. 


24.  Do  not  let  the  temperature  of  the  air  that  flows  to 
the  cabin  be  more  than  49 #C  (120#F).    If  this  happens  it  means 
there  la  something  wrong  with  the  cabin  tester  blower  and  the 
teeter  Hhould  be  shut  down. 

25.  When  the  PRESSURE  RATE  OF  CHANGE  gage  starts  to  show 
a  rise  In  cabin  pressure*  adjust  the  tester  for  the  maximum 
pressure  rise  a  5000  feet-per-miaute  altitude  change  would  need. 
This  Is  dons  by  slowly  turning  the  pressure  adjustment  CLOCKWISE 
by  1/16  of  a  turn.    Do  this  until  the  desirad  rate  of  increase 
is  shown. 


26.    Mien  cabin  pressure  Is  stabilised  at  5.0  psi  and  the 
PRESSURE  RATE  OF  CHANGE  gage  reads  ZERO,  find  the  rate  of  cabin 
leakage  as  followus 


a.     Raad  blower  pressure  as  shown  on  the  BLOWER 
PRESSURE  gage. 
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b.      Find  th*  point  on  the  tester  FLOWMETER  SCALE  where 
the  vertical  lime  (shorn  blower  pressure)  cuts  the  top  edge  of  the 
flowmeter  float  (figure  2.)   »  ^  

READ  FLOW  AT  TOP  " 
EDGE  OF  FLOAT 


Float  at  position 
shown  indicates 
the  following 
free  air  flow  at 
the  various 
blower  pressure 
readings 


BLOWER  PRESSURE  PSI 
Figure  2.   MB-3  Flowmeter. 

c.  If  the  point  is  EXACTLY  on  the  diagonal  line,  read 

the  flow  (cabin  leakage  rate)  in  standard  cubic  feet  per  minute  (scfra) , 

d.  If  the  point  is  BETWEEN  TWO  DIAGONAL  LINES,  guess  the 
distance  above  the  lower  line  and  add  this  to  the  value  of  that 
lower  line. 

/      e.      If  leakage  is  more  than  68.0  scfn,  turn  to  the  AIR 
PRESSURE  LEAKAGE  REPAIR  section  of  TO  1F-111A-2-2-1,  for  repair 
instructions. 

Note;    If  the  trainer  cabin  has  too  much  of  a  le*k,  the  leak 
would  not  be  repaired.    The  class  period  is  not  long  enough 
f  r  the  job. 
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f.      If  flow  (cabin  leakage  rate)  on  Che  flowmeter  is  less 
than  68,0  scfm  (5.2  pounds-per-minute) ,  start  the  SHUTDOWN  steps. 

SHUTDOWN  STEPS 

*   !•      Slowly  turn  the  PRESSURE  ADJUSTMENT  kucb  COUNTERCLOCKWISE 
Co  minimum. 

2.  Slowly  open  the  DUMP  VALVE.    CAUTION:    Do  not  allow  che 
rate  of  decrease  in  altitude  to  be  more  than  5000  feet-per  minute. 

3.  When  cabin  pressure  has  dropped  to  1.0  psit  take  the 
unvented  test  caps  from  the  CQrfBAT  and  NORMAL  discharge  pores  and 
install  the  VENTED  caps.  4 

4.  Turn  the  CANOPY  SE&  AIR  REGULATOR  knflfr  COUNTERCLOCKWISE 
to  release  pressure  from  the  canopy  seals. 

\ 

Note:    When  the  cap  is  removed  from  the  NORMAL  port,  the 
1.0  psi  will  vent  to  zero.    There  will  not  be  enough 
pressure  to  cause  injury  or  damage. 

5.  Push  the  OFF  button  to  stop  the  leakage  tester. 

6.  Unplug,  remove,  and  stow  the' headsets. 

Disconnect  each  hose  from  the  tester  and  trainer.  Stow 
the  top  of  the  tester. 

Disconnect  the  tester  pover*cable  anfl  stow  it  inside  the 


9.     Place  caps  on  all  ports. 

10.  Place  the  hose  adapter,  clamps,  and  hand tools  in  the 
toolbox  and  lock  it. 

11.  Remove  and  stow  the  safety  net. 

12.  Open  both  of  the  cabin  hatches. 

13.  Fold  the  warning  signs  on  the  outside  of  the  classroom 
doors. 

Note:    While  the  cabin  tester  is  still  handy,  lef  us  talk 
about  the  flowmeter  for  just  a  minute.    You  can  use  the 
flowmeter  to  measure  cabin  leakage  if  the  temperature  of 
the  air  that  flows  through  the  meter  is  70*F.    If  th*  air 
temperature  is  more  or  less  than  70*F,  or  if  the  cabim 
leakage  has  to  be  changed  from  scfm  to  pounds-per-minute 
(as  some  aircraft  TOs  require),  refer  to  TO  33A4-4-10-1, 
paragraph  4-9  and/or  4-10  for  the  correct  method  of  figuring 
cabin  leakage. 
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7. 

them  in 

8. 

tester. 


14*     Return  the  TOa  to  the  proper  file  cabinet. 

4 

IS*     Tell  the  Instructor  that  you  have  completed  the  cabin 
pressure  leakage  check  and  he  will  Initial  your  forms  (that  Is 
If  you  did  all  parts  of  the  check  properly) .    Return  to  the 
classroom  and  review  for  the  measurement. 


\ 
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